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(57)Abstract 

PROBLEM TO BE SOLVED: To provide imaging lenses which are 
smaller than that in the conventional practice and which 
satisfactorily compensate various aberrations. 

SOLUTION: The imaging lenses are so constituted that an aperture 
diaphragm S, a biconvex first lens L1 with a positive refractive 
power, a second lens L2 with its concave surface lacing to the 
object side and with a negative refractive power, and a third 
meniscus lens L3 with its convex surface facing to the object side 
are arranged successively from the object side. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect 
the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 
[Claim 1] 

The 2nd lens which has an aperture diaphragm, the 1st lens of both the convex 
configuration of having forward refractive power, and negative refractive power, 
sequentially from a body side, and turned the concave surface to said body side, the 
image pick-up lens characterized by having arranged the 3rd lens of the meniscus 
configuration where the convex was turned to said body side. 
[Claim 2] 

Said 3rd lens is an image pick up lens according to claim 1 characterized by having 
forward refractive power. 
[Claim 3] 

Said 1st lens, the 2nd lens, and the 3rd lens are all an image pick-up lens according to 
claim 1 or 2 characterized by having the aspheric surface in one of fields at least. 
[Claim 4] 

The image pick-up lens according to claim 1, 2, or 3 characterized by filling the 
conditional expression of following (l) - (3) when the focal distance of f3 and the image 
pick-up lens whole system is set [ the distance on the optical axis from said aperture 
diaphragm to an image side focus / L and usual picture area diagonal line length / the 
focal distance of 2Y and said 1st lens ] to f for the focal distance of fl and said 3rd lens. 
L/2Y<1.50 (1) 
0.50 <fl/f< 0.95 (2) 
1.00<f3/f < 1.40 (3) 
[Claim 5] 

The image pick-up lens according to claim 1, 2, 3, or 4 characterized by filling the 
following conditional expression of (4) when the focal distance of R3 and the image 
pick up lens whole system is set [ the refractive index to d line of said 2nd lens ] to f for 
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the radius of curvature of N2 and the body side face of said 2nd lens. 
• 0.60 < R3/(-(N 2- 1) 0 <0.20 (4) 
[Claim 6] 

The image pick up lens according to claim 1, 2, 3, 4, or 5 characterized by filling the 
following conditional expression of (5) when the Abbe number of nu 1 and said 2nd lens 
is set to nu 2 for the Abbe number of said 1st lens. 
25 <Nul Nu2 (5) 
[Claim 7] 

Said each of 1st, 2nd, and 3rd lens is an image pick up lens according to claim 1, 2, 3, 4, 
5, or 6 characterized by being formed from plastic material. 
[Claim 8] 

Said each of 1st, 2nd, and 3rd lens is an image pick-up lens according to claim 7 
characterized by being formed from plastic material of 0.7% or less of saturation water 
absorption. 
[Claim 9] 

The image pick-up lens according to claim 7 or 8 characterized by having arranged the 
protection from light mask which regulates an ambient light bundle at one [ at least ] 
spacing of spacing of said 1st lens and 2nd lens, or spacing of the 2nd lens and the 3rd 
lens. 

[Claim 10] 

Said 1st lens consists of a glass ingredient, 

Said each of 2nd and 3rd lens is an image pick-up lens according to claim 1, 2, 3, 4, 5, or 
6 characterized by being formed from plastic material. 
[Claim 11] 

The image pick-up lens according to claim 10 characterized by filling the following 
conditional expression of (6) when the focal distance of f23 and the image pick up lens 
whole system is set to f for the synthetic focal distance of said 2nd and 3rd lens. 
f/|f23| <0.4(6) 
[Claim 12] 

Said each of 2nd and 3rd lens is an image pick-up lens according to claim 10 or 11 
characterized by being formed from plastic material of 0.7% or less of saturation water 
absorption. 
[Claim 13] 

The image pick up lens according to claim 10, 11, or 12 characterized by having 
arranged the pro tection-from -light mask which regulates an ambient light bundle at 
one [ at least ] spacing of spacing of said 1st lens and 2nd lens, or spacing of the 2nd lens 
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and the 3rd lens. 
[Claim 14] 

The solid state image sensor which has the photo-electric-conversion section, 
Image pick-up equipment characterized by having the image pick-up lens of 13 given in 
any 1 term from claim 1 for carrying out image formation of the photographic subject 
image to said photo-electric-conversion section of said solid state image sensor. 
[Claim 15] 

The solid state image sensor which has the photo-electric-conversion section, 
The image pick up lens of 13 given in any 1 term from claim 1 for carrying out image 
formation of the photographic subject image to said photo-electric-conversion section of 
said solid state image sensor, 

The substrate which has the terminal for external connection which sends and receives 
an electrical signal while holding said solid state image sensor, 

The case which has opening for the optical incidence from a body side, and consists of a 
protection-from -light member, and ** are the image pick up units formed in one, 
The image pick up unit characterized by the height of said direction of an image pick up 
lens optical axis of said image pick up unit being below 10 [mm]. 
tClaim 16] 

The personal digital assistant characterized by having an image pick-up unit according 
to claim 15. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to image pick-up equipment, an image pick-up unit, and a 
personal digital assistant equipped with an image pick-up lens and this suitable as 
optical system of solid state image sensors, such as CCD mold image sensors and CMOS 
mold image sensors. 
[0002] 

[Description of the Prior Art! 

In recent years, a cellular phone and a personal computer equipped with image pick up 
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equipment are spreading with high-performanceizing of the image pick-up equipment 
using solid state image sensors, such as CCD (Charged Coupled Device) mold image 
sensors or CMOS (Complementary Metal Oxide Semiconductor) mold image sensors, 
and a miniaturization. 

And in connection with the miniaturization of these cellular phones or a personal 
computer, or the densification by the increment in a function, in order to attain the 
miniaturization of these image pick up equipments, the demand to the further 
miniaturization to the image pick up lens carried in the image pick up equipment 
concerned is increasing. 
[0003] 

Since it says that high-performance -izing is possible compared with the image pick-up 
lens of one sheet or a two-sheet configuration as such a small image pick-up lens for 
image pick-up equipments, in recent years, the image pick-up lens of the three-sheet 
configuration which has arranged in order the 1st lens which has forward refractive 
power, the 2nd lens which has negative refractive power, and the 3rd lens which has 
forward refractive power is becoming general from a body side. The so-called triplet type 
of such an image pick-up lens is indicated by the patent reference 1. 
[0004] 

[Patent reference l] 
JP,2001-75006,A(Fig. 1) 
[0005] 

[Problem(s) to be Solved by the Invention] 

However, although many aberration is the types amended good, securing a large field 
angle, the image pick up lens of the type indicated by the patent reference 1 on the 
other hand, it was not fit for the miniaturization of an image pick up lens overall length 
(the image pick up lens whole system - in the distance, however the image pick-up lens 
with which an aperture diaphragm is arranged most at a body side from the field by the 
side of a body to an image side focus, the distance from an aperture diaphragm to an 
image side focus is said most). 

This invention aims at offering the image pick up lens of the triplet type which 
amended many aberration good in view of such a trouble though it was conventionally 
smaller than the type. 
[0006] 

[Means for Solving the Problem] 

Invention according to claim 1 had an aperture diaphragm, the 1st lens of both the 
convex configuration of having forward refractive power, and negative refractive power, 
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sequentially from the body side, and has taken the configuration of arranging the 2nd 
lens which turned the concave surface to the body side, and the 3rd lens of the meniscus 
configuration where the convex was turned to the body side. 
[0007] 

Since the above-mentioned configuration arranges the aperture diaphragm to the body 
side most, it can keep away an exit pupil location from the image surface. If an exit 
pupil becomes far from the image surface, the chief ray of the flux of light which injected 
the lens last side can carry out incidence now at the include angle perpendicularly near 
a solid state image sensor, namely, a tele cent rucksack property can be secured good, 
and the shading phenomenon in a screen periphery can be mitigated. 
Moreover, the basic configuration of an above-mentioned image pick-up lens consists of 
the 1st forward lens, the 2nd negative lens, and the 3rd lens. Moreover, by arranging 
ahead the 1st lens of both the forward convex configuration where refractive power is 
comparatively large, and the 2nd negative lens, it considers as the configuration near a 
tele photograph type, and shortening of an image pick-up lens overall length is attained. 
[0008] 

Invention according to claim 2 has taken the configuration that the 3rd lens has forward 
refractive power while being equipped with the same configuration as invention 
according to claim 1. By this configuration, the 1st forward lens, the 2nd negative lens, 
and the 3rd forward lens will constitute a list and the so-called triplet type from a body 
side in order. 
[0009] 

Invention according to claim 3 has taken the configuration of each [ the 1st lens, the 2nd 
lens, and the 3rd lens ] and having the aspheric surface in one of fields at least while 
being equipped with the same configuration as invention according to claim 1 or 2. 
[0010] 

If it is in the above-mentioned configuration, when the aspheric surface is used for the 
1st forward lens, amendment of spherical aberration and comatic aberration is 
performed by this, and when the aspheric surface is used for the 2nd negative lens, 
thereby, amendment of comatic aberration and astigmatism is performed. Moreover, 
since the 3rd forward lens is arranged in the location which approached the image 
surface most, it uses producing a difference for passage height with the axial Uemitsu 
line and a marginal ray, and it can amend many aberration of a screen periphery which 
is separated from an optical axis using the aspheric surface. 
[0011] 

While invention according to claim 4 is equipped with the same configuration as 
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invention according to claim 1, 2, or 3 When the focal distance of f3 and the image 

pick up lens whole system is set [ the distance on the optical axis from an aperture 

diaphragm to an image side focus / L and usual picture area diagonal line length / the 

focal distance of 2Y and the 1st lens ] to f for the focal distance of fl and the 3rd lens, the 

configuration of filling the conditional expression of following (l) - (3) is taken. 

L/2Y < 1.50 (1) 

0.50 <fl/f< 0.95 (2) 

1.00<f3/f<1.40(3) 

[0012] 

The conditional expression (l) in the above-mentioned configuration is the conditions 
for specifying an image pick-up lens overall length, and attaining a miniaturization. An 
image pick-up lens overall length can be shortened, and an image pick up lens outer 
diameter can also be made small in multiplication because it is less than the upper limit 
in a formula (l). In addition, although L used for count of conditional expression (l) is 
the distance from an aperture diaphragm to an image side focus, an image side focus 
means the image point when an optical axis and an parallel parallel ray carry out 
incidence to an image pick-up lens. Moreover, when the optical member of parallel 
monotonous configurations, such as a low pass filter, has been arranged from the image 
side face of the 3rd lens before an image side focus, the case where (l) type is filled after 
changing this to air scaled distance shall be included. 
[0013] 

Furthermore, conditional expression (2) specifies the refractive power of the 1st forward 
lens. By exceeding the lower limit in a formula (2), too much increase of the forward 
refractive power of the 1st lens is avoided, and it does not become extremely small 
radius of curvature. On the other hand, too much fall of the forward refractive power of 
the 1st lens is avoided, and it becomes advantageous to the miniaturization of an image 
pick up lens overall length because it is less than a upper limit. 
[0014] 

Conditional expression (3) specifies the refractive power of the 3rd forward lens. By 
exceeding the lower limit in a formula (3), increase of a forward refractive-power excess 
of the 3rd lens is avoided, and forward refractive -power allocation with the 1st lens 
becomes suitable (in this invention, fl<f3 are more desirable). On the other hand, too 
much fall of the forward refractive power of the 3rd lens is avoided because it is less 
than a upper limit. 
[0015] 

While invention according to claim 5 is equipped with the same configuration as 
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invention according to claim 1, 2, 3, or 4, when the focal distance of R3 and the image 
pick-up lens whole system is set [ the refractive index to d line of the 2nd lens ] to f for 
the radius of curvature of N2 and the body side face of the 2nd lens, it has taken the 
configuration of filling the following conditional expression of (4). 
- 0.60 < R3/( (N 2-1) 0 <0.20 (4) 
[0016] 

The conditional expression (4) in the above-mentioned configuration is the conditions 
for making amendment of a curvature of field easy and making the image surface flat by 
setting up appropriately the negative refractive power by the side of the body side of the 
2nd lens (it is here). Since the focal distance of the 2nd lens body side face is calculated 
by R3/(N 2-1) using radius of curvature (R3) and the refractive power (N2) of the 2nd 
lens, conditional expression (4) is a formula showing the ratio of the focal distance by 
the side of the 2nd lens body side, and the focal distance of the image pick up lens whole 
system. 

By exceeding a minimum, the negative refractive power by the side of the 2nd lens body 
side does not become large beyond the need too much, generating of the coma flare of an 
axial outdoor daylight bundle can be suppressed, and good image quality is acquired. 
On the other hand, since the negative refractive power by the side of the 2nd lens body 
side is maintainable, the forward PETTSU bar sum decreases and amendment of a 
curvature of field becomes easy, because it is less than an upper limit. Furthermore, the 
spherical aberration and comatic aberration which are generated with the 1st forward 
lens can be amended good. 
[0017] 

While invention according to claim 6 was equipped with the same configuration as 
invention according to claim 1, 2, 3, 4, or 5, when the Abbe number of nu 1 and the 2nd 
lens is set to nu 2 for the Abbe number of the 1st lens, 
25 <Nul-Nu2 (5) 

A configuration called ******** is taken. 
[0018] 

The conditional expression (5) in the above-mentioned configuration is the conditions of 
chromatic- aberration amendment with the 1st forward lens and the 2nd negative lens, 
is considering as a setup exceeding the lower limit, and performs amendment of axial 
overtone aberration and the chromatic aberration of magnification. 
[0019] 

While invention according to claim 7 is equipped with the same configuration as 
invention according to claim 1, 2, 3, 4, 5, or 6, the configuration that each of 1st, 2nd, 
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and 3rd lens is formed from plastic material is taken. Here, the case where acid 
resisting and coating processing aiming at the improvement in surface hardness are 
performed on the front face, having used plastic material as the base material to 
forming from plastic material shall be included. All the following publications are also 
made the same. 
[0020] 

On the occasion of production of the small image pick-up lens of radius of curvature or 
an outer diameter, as compared with glass, when the direction of plastics uses the 
manufacture approaches, such as injection molding, it is fit for mass production. 
Therefore, the plastic lens constitutes the 1st lens, the 2nd lens, and all the 3rd lens 
from the above-mentioned configuration. 

Here, although adoption of a glass mold lens is also considered as a lens which can be 
manufactured comparatively easily even if it is a minor diameter lens, a plastic lens can 
say that it is fit for the mass production method which held down the manufacturing 
cost. 
[0021] 

Invention according to claim 8 has taken the configuration of forming each of 1st, 2nd, 
and 3rd lens from plastic material of 0.7% or less of saturation water absorption while 
being equipped with the same configuration as invention according to claim 7. 
Compared with a glass lens, since saturation water absorption is large, if rapid 
humidity occurs, ununiformity distribution of a coefficient of water absorption will occur 
transitionally, a refractive index does not become homogeneity, but a plastic lens is in 
the inclination for the good image formation engine performance to no longer be 
obtained. Then, the dissolution of the performance degradation by humidity is aimed at 
by using plastics with little saturation water absorption used as the cause with the 
ingredient of a lens. 
[0022] 

Invention according to claim 9 has taken the configuration of arranging the 
protection-from-light mask which regulates an ambient light bundle at one [ at least ] 
spacing of spacing of the 1st lens and the 2nd lens, or spacing of the 2nd lens and the 
3rd lens while being equipped with the same configuration as invention according to 
claim 7 or 8. 
[0023] 

Generally, a plastic lens is easy to consider as the configuration which has the flange 
which does not contribute to image formation in the periphery section. If light carries 
out incidence to this flange, since it will become the cause of a ghost or the flare, it is 
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good for one [ at least ] spacing of two lens spacing to arrange the protection-from-light 
mask which regulates an ambient light bundle. Only the flux of light required for image 
formation can be passed by this, and the incidence of the light to a flange can be 
suppressed to the minimum, and generating of a ghost and the flare can be suppressed 
as a result. In addition, with a protection -frorn hght mask here, what is formed by not 
being limited to the protection-from-light nature member which has opening for light 
transmission in the center section, for example, applying a protection-from-light coating 
to the flange of a lens shall be included. Moreover, if it is when using the 
above-mentioned protection-from-light member, about a whole configuration, it is not 
limited to a sheet-like member. All the following publications are also made the same. 
[0024] 

While invention according to claim 10 is equipped with the same configuration as 
invention according to claim 1, 2, 3, 4, 5, or 6, the 1st lens consisted of a glass ingredient 
and the configuration that each of 2nd and 3rd lens is formed from plastic material is 
taken. 
[0025] 

If the lens which constitutes an image pick-up lens is constituted from a plastic lens 
manufactured by injection molding, it is advantageous to the formation of small 
lightweight and low-cost-izing of an image pick-up lens. However, since the 
refractive -index change of plastic material at the time of a temperature change is large, 
if all lenses are constituted from a plastic lens, the fault of changing the image point 
location of the whole image pick-up lens with temperature is held. 

Fluctuation of the image point location by such temperature change poses a problem 
especially in the image pick-up equipment (the so-called image pick up equipment of a 
pan-focus method) which carries a solid state image sensor with many pixels, and does 
not have the automatic focus device with it. If it is a solid state image sensor with many 
pixels, a pixel pitch is small, and since the depth of focus proportional to a pixel pitch 
becomes narrow, the permission width of face of image point location fluctuation 
becomes narrow. Moreover, the image pick up equipment of a pan-focus method is a 
method which doubles a focus with a dozens of cm photographic subject as a criteria 
distance from the first, and covers point-blank range by depth of field from the method 
of infinite distance. Therefore, since it is the image with which it ****ed out of the 
amount focus a little compared with the image quality of the photographic subject of 
criteria distance, if image point location fluctuation arises at the time of a temperature 
change, since the image quality of the method of infinite distance or point-blank range 
deteriorates extremely, the image quality of the photographic subject of the method of 
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infinite distance or point- blank range is not desirable. 
[0026] 

With the configuration of this invention, the 1st forward lens is formed with a glass 
ingredient, and the 2nd negative lens and the 3rd forward lens are formed with plastic 
material. By making the 1st large lens of comparatively forward refractive power into a 
glass lens, the refractive-index change at the time of the temperature change of the 1st 
lens can be disregarded, and it becomes the configuration which can suppress small the 
image point location fluctuation at the time of the temperature change in the image 
pick up lens whole system. 

Moreover, it is not necessary to expose the plastic lens which is easy to get damaged by 
making the 1st lens into a glass lens, and is a desirable configuration. 
When adopting a glass mold lens as the 1st lens, it is necessary to set up highly the 
press temperature at the time of generally a glass transition point (Tg) performing a 
mold press with high glass, and easy to produce consumption in shaping metal mold 
here. Consequently, the turnover rate and the count of a maintenance of shaping metal 
mold will increase, and it will lead to a cost rise. Therefore, when adopting a glass mold 
lens, it is desirable for Tg to use the glass ingredient below 400 [**]. 
[0027] 

While invention according to claim 11 is equipped with the same configuration as 
invention according to claim 10, when the focal distance of f23 and the image pick up 
lens whole system is set to f for the synthetic focal distance of the 2nd and 3rd lens, it 
has taken the configuration of filling the following conditional expression of (6). 
f/|f23| <0.4(6) 
[0028] 

Conditional expression (6) specifies the synthetic focal distance of the 2nd and 3rd lens 
formed from plastics. By enlarging a synthetic focal distance so that conditional 
expression may be filled, it becomes possible to make the contribution to image point 
location fluctuation of the plastic lens at the time of a temperature change offset with 
the 2nd negative lens and the 3rd forward lens, and the image point location fluctuation 
at the time of a temperature change can be suppressed small. 
[0029] 

While invention according to claim 12 is equipped with the same configuration as 
invention according to claim 10 or 11, the configuration that each of 2nd and 3rd lens is 
formed from plastic material of 0.7% or less of saturation water absorption is taken. 
With the above-mentioned configuration, by using plastics with little saturation water 
absorption with the ingredient of a lens, ununiformity distribution of the coefficient of 
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water absorption by rapid humidity is controlled, and equalization of a refractive index 

is attained. 

[0030] 

Invention according to claim 13 has taken the configuration of arranging the 
protection-fromlight mask which regulates an ambient light bundle at one [ at least ] 
spacing of spacing of the 1st lens and the 2nd lens, or spacing of the 2nd lens and the 
3rd lens while being equipped with the same configuration as invention according to 
claim 10, 11, or 12. 

As mentioned above, by considering as the configuration which prepares a 
protection-from light mask, since an ambient light bundle is regulated and only the flux 
of light required for image formation is passed, even if it prepares a flange in the 2nd 
and 3rd lens formed with plastic material, the incidence of the light to the flange 
concerned can be suppressed to the minimum, and generating of a ghost and the flare 
can be suppressed as a result. 
[0031] 

Invention according to claim 14 has taken the configuration of having the image pick-up 
lens of 13 given in any 1 term, from claim 1 for carrying out image formation of the 
photographic subject image to the photo-electric-conversion section of the solid state 
image sensor which has the photo-electric-conversion section, and a solid state image 
sensor. 

With the above-mentioned configuration, image pick-up equipment equipped with 
advantages, such as the miniaturization and lightweightizing which were mentioned 
above, and high- definition- izing, is realized by carrying the image pick-up lens given 
[ each ] in a claim mentioned above. 

In addition, electronic equipment equipped with the image pick up function other than 
a camera in which image pick-up equipment makes an image pick-up a key objective 
like personal digital assistants, such as a cellular phone and PDA, shall also be 
contained here, for example. 
[0032] 

The image pick up lens of 13 given in any 1 term from claim 1 for invention according to 
claim 15 to carry out image formation of the photographic subject image to the 
photo-electric-conversion section of the solid state image sensor which has the 
photo-electric-conversion section, and a solid state image sensor, The substrate which 
has the terminal for external connection which sends and receives an electrical signal 
while holding a solid state image sensor, The case which has opening for the optical 
incidence from a body side, and consists of a protection from-light member, and ** are 
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the image pick up units formed in one, and the configuration that the height of the 
direction of an image pick-up lens optical axis of an image pick up unit is below 10 [mm] 
is taken. 
[0033] 

With the above-mentioned configuration, the image pick up unit equipped more with 
advantages, such as a miniaturization and high- definition- izing, can be obtained by 
using the image pick up lens of any 1 according to claim 1 to 13. 

In addition, "opening for optical incidence' 1 shall point out the part in which the field 
which can penetrate what [ not only ] not necessarily forms space, such as a hole, but 
the incident light from a body side was formed. 

Moreover, "the direction die length of an optical axis of the image pick-up lens of an 
image pick up unit is below 10 [mm]" shall mean the overall length which met in the 
direction of an optical axis of the image pick up unit equipped with the configuration of 
all above. If it is when it follows, for example, a case is prepared on the field of the table 
of a substrate and electronic parts etc. are mounted in the tooth back of a substrate, it 
assumes that the distance to the point of the electronic parts which project on a tooth 
back from the point which becomes the body side of a case becomes below 10 [mm]. 
[0034] 

Invention according to claim 16 has taken the configuration of having an image pick up 
unit according to claim 15. 

With the above-mentioned configuration, while attaining the miniaturization and 
lightweight-izing which were mentioned above by carrying the image pick-up unit 
according to claim 15 mentioned above, the personal digital assistant in which a 
high- definition image pick up is possible is realized. 
[0035] 

[Embodiment of the Invention] 

The operation gestalt of this invention is explained based on drawing 1 and 2. Drawing 
1 shows the perspective view of this operation gestalt slack image pick-up unit 50, and 
drawing 2 is a sectional view in alignment with the optical axis of the image pick-up 
optical system of the image pick-up unit 50. 

The CMOS mold image sensors 51 as a solid state image sensor with which the 
above-mentioned image pick-up unit 50 has photo electric-conversion section 51a, The 
image pick-up optical system 10 as an image pick-up lens which makes 
photo-electric-conversion section 51a of these image sensors 51 picturize a photographic 
subject image, It has the case 53 as the substrate 52 which has the terminal 54 for 
external connection which sends and receives the electrical signal while holding image 
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sensors 51, and a lens-barrel which has opening for the optical incidence from a body 
side, and consists of a protection- from -light member, and these are formed in one. 
[0036] 

Photo electric-conversion section 51a as a light sensing portion by which the pixel 
(optoelectric transducer) has been arranged two-dimensional is formed in the center 
section of the flat surface by the side of the light-receiving, and, as for the 
above-mentioned image sensors 51, digital-disposal-circuit 51b is formed in the 
perimeter. This digital disposal circuit consists of the drive circuit section which carries 
out the sequential drive of each pixel, and obtains a signal charge, the A/D conversion 
section which changes each signal charge into a digital signal, the signal-processing 
section which forms a picture signal output using this digital signal. Moreover, near the 
rim of the flat surface by the side of light-receiving of image sensors 51, many pads 
(illustration abbreviation) are arranged and it connects with the substrate 52 through 
Wire W. Image sensors 51 change the signal charge from photo electric-conversion 
section 51a into picture signals, such as a digital YUV signal, etc., and output it to the 
predetermined circuit on a substrate 52 through Wire W. Here, Y is [ the color-difference 
signal of red and brightness and V (=B Y) of a luminance signal and U (=R-Y) ] the 
color- difference signals of blue and a luminance signal. 

In addition, an image sensor is not limited to the image sensors of the above-mentioned 

CMOS mold, and may use other things, such as CCD. 

[0037] 

The substrate 52 is equipped with support plate 52a which supports the 
above-mentioned image sensors 51 and a case 53 on the 1 flat surface, and flexible 
substrate 52b by which the end section was connected to the tooth back (field of image 
sensors 51 and the opposite side) of support plate 52a. 

It has the pad for signal transduction of a large number prepared in the front rear face, 
and connects with the wire W of the image sensors 51 mentioned above in the 1 
flat-surface side, and support plate 52a is connected with flexible substrate 52b by the 
tooth-back side. 

Flexible substrate 52b makes it possible to receive an electrical potential difference to 
connect with support plate 52a, and for the end section connect support plate 52a and 
an external circuit (for example, control circuit which the high order equipment which 
mounted the image pick-up unit has) through the external output terminal 54 prepared 
in the other end, and drive image sensors 51 from an external circuit, and supply of a 
clock signal, and to output a digital YUV signal to an external circuit like the above. 
Furthermore, the pars intermedia of the longitudinal direction of flexible substrate 52b 
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was equipped with flexibility or deformans, and the degree of freedom is given to the 
sense of an external output terminal, and arrangement to support plate 52a according 
to the deformation. 
[0038] 

Next, a case 53 and the image pick-up optical system 10 are explained. Where the image 
sensors 51 concerned are stored at the inside on the flat surface in which the image 
sensors 51 in support plate 52a of a substrate 52 were formed, fixed equipment of the 
case 53 is carried out by adhesion. And storing maintenance of the image pick-up optical 
system 10 is carried out inside the case 53. This case 53 is equipped with the barrel 55 
in which fixed equipment was carried out by adhesion so that image sensors 51 might be 
surrounded on support plate 52a, and the lens-barrel 21 which carries out storing 
support of the 1st lens LI of the image pick-up optical system 10 mentioned later, the 
2nd lens L2, and the 3rd lens L3. 

And a lens-barrel 21 is screwed in inside a barrel 55, and forms the connection condition 
of these mutuals. Moreover, while a lens-barrel 21 is large and opening of the edge by 
the side of image sensors 51 is carried out, the other end is formed from the tube-like 
object of the owner bottom in which opening was prepared, and it is used for a body side 
for the edge in which the opening was prepared by it, turning. Opening of this 
lens-barrel 21 constitutes aperture-diaphragm S which determines the f number of the 
image pick-up lens whole system while being a part of configuration of the image 
pick-up optical system 10. 
[0039] 

The IR (infrared radiation) cut-off filter 23 from which the image pick up optical system 
10 protects the incidence of the infrared radiation from a body side as shown in drawing 
2 , The external protection-from-light mask 26 further arranged rather than this IR 
cut off filter 23 at the body side, It has the image pick-up lens which extracted from the 
body side and has been arranged in order of S, the 1st lens Ll, the 2nd lens L2, and the 
3rd lens L3, and the lens presser foot 22 which fixes each lenses Ll, L2, and L3 in a 
lens-barrel 21. 

This image pick up optical system 10 is for performing image formation of a 
photographic subject image to solid state image sensors, such as CCD, by making 
Diaphragm S and each lenses Ll, L2, and L3 into optical system. In addition, in 
drawing 1 , the bottom is made into a body side, the bottom is made into the image side, 
and the alternate long and short dash line in drawing 2 is used as the optical axis with 
which each lenses Ll, L2, and L3 are common. 
[0040] 



15 



JP2004-004566 



The above-mentioned IR cut off filter 23 is formed in the shape of a rectangle, and is 
held by adhesion on the body side edge side of a lens-barrel 21. In addition, about the IR 
cut off filter 23, the configuration may be circular. 

Moreover, the external protection-from-light mask 26 is being fixed to the pan of the IR 
cut off filter 23 by adhesion on the body side edge side of a lens-barrel 21 at the body 
side. It is an optical shield, opening which outdoor daylight can pass is prepared in the 
center section, and this external protection-from-light mask 26 is formed in order to 
lessen incidence of the unnecessary light from the outside as much as possible. 
[0041] 

After the center line of the lens-barrel 21 concerned and the optical axis of each lenses 
Ll, L2, and L3 have been in agreement, each lenses LI, L2, and L3 concerned are held 
in the interior of a lens-barrel 21. The interior of this lens-barrel 21 is set up so that the 
bore may become large gradually in three steps, as it goes to the edge by the side of 
image sensors from the edge by the side of a body. 
[0042] 

On the other hand, each lenses Ll, L2, and L3 are set as the range of an effective 
diameter in which from the core to predetermined range has a function as an image 
pick up lens by each, and the part outside it is set as the flange which does not function 
as an image pick-up lens (part shown by hatching in each lenses Ll, L2, and L3). And 
the part by the side of the body side edge section of a lens-barrel 21 where a bore is the 
smallest is set up possible [ fitting ] for the periphery of the flange of the 1st lens Ll. 
Therefore, the 1st lens Ll is held inside a lens-barrel 21 according to this structure. 
[0043] 

Furthermore, it is the flange of the 1st lens Ll, and the circular crevice is formed on the 
opposed face with the 2nd lens L2. Corresponding to this, it is the flange of the 2nd lens 
L2, and the heights in which fitting is possible are formed on the opposed face with the 
1st lens Ll in the crevice of the 1st lens Ll. And where heights are inserted in this 
crevice, the 1st lens Ll and the 2nd lens L2 can make a mutual optical axis in 
agreement with a sufficient precision. 
[0044] 

Furthermore, the outer diameter of the flange of the 3rd lens L3 is set up more greatly 
than the outer diameter of the flange of the 2nd lens L2, it is the flange of the 3rd lens 
L3, and the circular crevice is formed on the opposed face with the 2nd lens L2. The bore 
of the crevice of this 3rd lens L3 is set up possible [ fitting ] for the periphery section of 
the flange of the 2nd lens L2. And where the 2nd lens L2 is inserted in this crevice, the 
3rd lens L3 and the 2nd lens L2 can make a mutual optical axis in agreement with a 
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sufficient precision. 
[0045] 

Thus, each lenses Ll, L2, and L3 fit in mutually in the condition of having made the 
optical axis in agreement, according to above-mentioned structure. Moreover, a 
lens barrel 21 supports the 1st lens Ll only in the inner circumference section of the 
diameter of min by the side of the base mentioned above, and has the structure where 
neither of the other inner circumference sections contacts each lenses Ll, L2, and L3. 
[0046] 

In recent years, for the purpose of the miniaturization of the whole image pick-up 
equipment, even if it is the solid state image sensor of the same number of pixels, what 
has the screen size of a light sensing portion (photo-electric-conversion section) small a 
pixel pitch and small as a result is developed. Since the image pick-up lens for solid 
state image sensors with such a small screen size needs to shorten the focal distance of 
the whole system in order to secure the same field angle, the radius of curvature and 
outer diameter of each lens will become quite small. Therefore, in the glass lens 
manufactured by polish processing, processing becomes difficult. Therefore, as for each 
lenses Ll, L2, and L3, it is desirable to form each by injection molding by being made 
from plastics. Moreover, it is desirable as image pick-up equipment to use the 1st lens as 
a glass mold lens to suppress small image point location fluctuation of the image 
pick-up lens whole system at the time of a temperature change. 
[0047] 

And the optical axis of each lenses Ll, L2, and L3 has taken the structure which mutual 
inserts each other in and is made in agreement according to precision. Therefore, each 
lenses Ll, L2, and L3 cannot be concerned and found in the precision of the supporter 
material of the image pick-up lens of lens-barrel 21 grade, and the structure which can 
make the optical axis of each lenses Ll, L2, and L3 easily in agreement in the range of a 
possible precision with injection molding is taken. Furthermore, since precision of each 
crevice of each lenses Ll, L2, and L3 and the shaft orientations of each heights can also 
be made into a possible precision with injection molding, the direction spacing of an 
optical axis of each lenses Ll, L2, and L3 can also maintain a predetermined precision. 
For these reasons, it becomes possible to aim at improvement in the assembly precision 
of optical system. Furthermore, an assembly becomes easy and improvement in 
productivity is also aimed at. 

In addition, the detailed specification of each lenses Ll, L2, and L3 is explained using 

two or more examples in the example mentioned later. 

[0048] 
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Next, the lens presser foot 22 is a ring-like member which consists of a 
pro tection-from -light nature ingredient, and opening is prepared so that the center 
section may be possible for passage of light. Moreover, the lens presser foot 22 is pressed 
fit in a lens-barrel 21, after the outer diameter was greatly set up slightly rather than 
the bore of the image-sensors side edge section of a lens-barrel 21 and has stored each 
lenses LI, L2, and L3 in a lens-barrel 21. This lens presser foot 22 is pressed fit toward 
the body side edge section of a lens-barrel 21 until it becomes impossible to move so that 
a clearance may not be produced on each lenses LI, L2, and L3. And a fixed condition is 
maintained with each lenses LI, L2, and L3 according to the frictional force based on 
the stress produced between a lens-barrel 21 and the lens prevention 22. 
[0049] 

In addition, the means is not restricted to the above-mentioned approach that what is 
necessary is just to be able to equip a lens-barrel 21 with the lens presser foot 22 in the 
condition which can regulate shaft-orientations migration of each lenses LI, L2, and L3. 
For example, while preparing a projection in either and establishing the crevice which 
fits into a projection in another side, a screw slot may be established in the connection 
structure where elastic support of a projection or the crevice is carried out in the 
direction which separates from the other party movable, or mutual, and you may make 
it join together by screwing in the location of the peripheral face of a lens-barrel 21, and 
the inner skin of the lens presser foot 22 which faces mutually. 
[0050] 

' Moreover, between each lenses LI and L2 and L3, the 1st protection-from-light mask 24 

and the 2nd protection-from-light mask 25 are arranged. The 1st protection-from-light 
mask 24 is arranged in the circular hollow centering on the optical axis prepared in the 
shaft-orientations apical surface of the heights of the 2nd lens L2. This 1st 
protection-from-light mask 24 is presenting the shape of a ring, and the bore of the 
central hole is small set up a little from the image pick-up lens effective diameter by the 
side of the body of the 2nd lens L2. And by being arranged in the above-mentioned 
hollow, this 1st protection-from-light mask 24 is in the condition whose center line and 
optical axis of each lenses Ll, L2, and L3 of that corresponded, and is held between the 
1st lens Ll and the 2nd lens L2. In addition, the depth of the above-mentioned hollow is 
slightly set up deeply rather than the thickness of the 1st protection-from-light mask 24, 
and has structure which does not affect a mutual distance in the fitting condition of the 
1st lens Ll and the 2nd lens L2. 
[0051] 

Moreover, the 2nd protection-from-light mask 25 is arranged in the circular hollow 
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centering on the optical axis prepared in the inner base of the crevice of the 3rd lens L3. 
This 2nd protection-fromlight mask 25 is also presenting the shape of a ring, and the 
bore of the central hole is small set up a little from the image pick-up lens effective 
diameter by the side of the image of the 2nd lens L2. And by being arranged in the 
above-mentioned hollow, this 2nd protection-firom-light mask 25 is in the condition 
whose center line and optical axis of each lenses LI, L2, and L3 of that corresponded, 
and is held between the 2nd lens L2 and the 3rd lens L3. In addition, also in this case, 
the depth of the above-mentioned hollow is slightly set up deeply rather than the 
thickness of the 2nd pro tection-from -light mask 25, and has structure which does not 
affect a mutual distance in the fitting condition of the 2nd lens L2 and the 3rd lens L3. 
[0052] 

It can extract, and can prevent that the light which was mentioned above and which 
carried out incidence from Diaphragm S carries out incidence to the outside of the 
image pick-up lens effective diameter of each lenses LI, L2, and L3 according to a 
mutual operation with S and each protection from Ught masks 24 and 25, and 
generating of a ghost and the flare can be suppressed. 
[0053] 

The use mode of the image pick-up unit 50 mentioned above is explained. Drawing 3 
shows the condition of having equipped the portable telephone 100 as a personal digital 
assistant or image pick up equipment with the image pick-up unit 50. Moreover, 
drawing 4 is the control-block Fig. of a portable telephone 100. 

The body side edge side of the case 53 in image pick up optical system is established in 
the tooth back (let a liquid crystal display section side be a transverse plane) of a 
portable telephone 100, and the image pick-up unit 50 is arranged in the location where 
the liquid crystal display section corresponds caudad. 

And it connects with the control section 101 of a portable telephone 100, and the 
external connection terminal 54 of the image pick up unit 50 outputs picture signals, 
such as a luminance signal and a color-difference signal, to a control -section 101 side. 
On the other hand, while a portable telephone 100 controls each part in generalization 
to be shown in drawing 4 The control section (CPU) 101 which performs the program 
according to each processing, and the input section 60 for carrying out the support input 
of the number etc. by the key, With the display 70 which displays the image picturized 
besides predetermined data, and the Radio Communications Department 80 for 
realizing the various information communication links between external servers The 
storage section 91 which has memorized many required data, such as the system 
program and the various processing programs of a portable telephone 100, and Terminal 
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ID, (ROM), And it is used as a working area which stores image pick-up data etc. 
temporarily by the various processing programs performed by the control section 101, 
data, processed data, or the image pick up unit 50, it has the temporary storage section 
(RAM) 92. 

And the picture signal inputted from the image pick up unit 50 is memorized by the 
storage section 92, or is displayed by the control system of the above-mentioned portable 
telephone 100 by the display 70, and is further transmitted outside as image 
information through the Radio Communications Department 80 according to it. 



Next, although the specification of an image pick up lens is explained based on 
examples 1-7, each specification is not limited to this. Here, the notation used for each 
example is as follows, 
f • focal distance 
fB } back focus 
F • f number 

2Y : usual picture area diagonal line length (diagonal line length in the rectangle 
light-receiving side of a solid state image sensor) 
R : radius of curvature of a refracting interface 
D : spacing of a refracting interface 

Nd • refractive index in d line of an image pick up lens ingredient 
nud • The Abbe number of an image pick up lens ingredient 



Moreover, in each example, in the rectangular coordinate system which made the 
top most vertices of a field the zero and set the X-axis as the direction of an optical axis, 
C and a cone constant are expressed with K and the configuration of the aspheric 
surface expresses an aspheric surface multiplier with the following "-one numbers" for 
top -most- vertices curvature as A4, and A6, A8, A10 and A12. 
[0056] 

[Equation l] 



[0054] 
[Example] 



[0055] 
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[0057] 

(The 1st example) 

Image pick-up lens data are shown in Tables 1, 2, and 3. 

[0058] 

[Table 1] 

mmm i ) 



3. 560 mm 


fB=1.617mm F=2. 


82 2Y=4. 24 mm 




R (mm) 


D(mm) 


Nd 


i/d 


J&U 


oo 


0. 20 






1 


3. 052 


1.24 


1.53040 


56. 0 


2 


-2. 078 


0.41 






3 


-0. 892 


0. 82 


1. 58300 


30.0 


4 


-2. 639 


0. 20 






5 


1. 280 


1.00 


1. 53040 


56.0 


6 


2. 150 









[0059] 
[Table 2] 
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ff!1® K= -1.6816 

A4= -1.0491 X 10" 2 
A6= -3. 5682 X 10" 2 
A8= 2.3898 X 10" 2 
A10= -3. 9391 X 10-2 

352® K= 1.1166 

A4= 1.6224 X 10-2 
A6= 1.9824 X 10-2 
A8= -5. 5354 X 10" 2 
A10= 1.7107X10-2 

$31 K= -3. 2715 

A4= -2. 7322 X 10'2 
A6= 7.3636 X 10-2 
A8= -5 9771 X 10-2 
A10= -7. 7937 x 10" 3 
A12= 1.5014X 10- 2 

$41 K= -1. 1677 

A4= 3.5006 X 10-2 
A6= 1.5424 X 10-2 
A8= -2. 1565 X 10" 3 
A10= -2.6532 X 10" 3 
A12= 1. 1001 X 10" 3 

$ 5 m K= -3. 8470 

A4= 1.4719X10-2 
A6= -1.2455 X 10-2 
A8= 9.7271 X 10~ 4 
A10= -1- 1216 X 10- 4 
A12= 4.4541 X 10" 6 

$6® K= -1.2236 

A4= -2. 3884 X 10" 2 
A6= 5. 3684 X 1 0" 4 
A8= -3.2130 X 10- 3 
A10= 9. 0104X10" 4 
A12= -7. 7247 X 10" 5 
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[0060] 
[Table 3] 







(1) L/2Y 


1. 30 


(2) f1/f 


0.71 


(3) f3/f 


1. 20 


(4) R3/UN2-1) f) 


-0. 43 


(5) i/1-i/2 


26.0 



[0061] 

Drawing 5 is the explanatory view showing image pick-up lens arrangement of the 1st 
example. As for the inside Ll of drawing, the 2nd lens and L3 show the 3rd lens, and S 
shows [ the 1st lens and L2 ] an aperture diaphragm. Drawing 6 is the aberration Fig. 
(spherical aberration, astigmatism, distortion aberration, meridional comatic 
aberration) of an example 1. 

The 1st lens Ll and the 3rd lens L3 are plastic lenses of a polyolefine system, and 
saturation water absorption is 0.01% or less. Moreover, the 2nd lens L2 is a plastic lens 
of a polycarbonate system, and saturation water absorption is 0.4%. 
[0062] 

(Example 2) 

Image pick-up lens data are shown in Tables 4, 5, and 6. 

[0063] 

[Table 4] 
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f =3. 560 mm f B=1 . 608 mm F=2. 82 2Y=4. 24 mm 





P (mini 


D (mm) 




Nd 


i/d 


&u 


oo 


0. 20 








1 


2.935 


1.24 


1. 


49700 


56. 0 


2 


-1. 927 


0. 42 








3 


-0. 886 


0. 82 


1. 


58300 


30 0 


4 


-2. 596 


0.20 








5 


1. 217 


1.00 


1. 


49700 


56.0 


6 


2. 107 











[0064] 
[Table 5] 
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m\m K= -1. 7943 

A4= -1.4869 x 10- 2 
A6= -1.0811 X 10" 2 
A8= -2. 8303 X 1 0- 2 
A10= 1.0732 X 10" 2 

31 2 B K= 1.2219 

A4= 4.6746 X 10" 2 
A6= 1.7599 X 10-2 
A8= -5. 4338 X 1 0" 2 
A10= 2.5193X10-2 

K= -3. 4812 
A4= -2.3751 X 10-2 
A6= 7.9632 X 10" 
A8= -5.7217 X 10" 
A10= -8. 2616 X 10" 
A12= 1.4117X10" 

354® K= -1.3161 

A4= 3.5093 X 10" 
A6= 1.5006 X 10" 
A8= -2. 4508 x 1 0" 
A1 0= -2. 4750 X 1 0- 
A12= 1.0270 X 10" 

m 5 IS K= -3. 6750 

A4= 1.5979 X 10" 
A6= -1. 1979 X 10" 
A8= 1. 0441 X 10" 
A10= -1.2424 X 10" 
A12= -8. 4000 X 10" 

£6 ft K= -1.0422 

A4= -2. 3963 x 10" 
A6= 3.5702 X 10" 
A8= -3. 2540 X 10" 
A10= 8.9657 X 10" 
A12= -7.7167 X 10" 



25 



JP2004 004566 



[0065] 
[Table 6] 





mmm2 


(1) L/2Y 


1. 30 


(2) f1/f 


0. 71 


(3) f3/f 


1. 17 


(4) R3/UN2-1) f) 


-0. 42 


(5) i/ l-v2 


26.0 



[0066] 

Drawing 7 is the explanatory view showing image pick up lens arrangement of an 
example 2. As for the inside Ll of drawing, the 2nd lens and L3 show the 3rd lens, and S 
shows [ the 1st lens and L2 ] an aperture diaphragm. Drawing 8 is the aberration Fig. 
(spherical aberration, astigmatism, distortion aberration, meridional comatic 
aberration) of an example 1. 

The 1st lens Ll and the 3rd lens L3 are acrylic plastic lenses, and saturation water 
absorption is 1.3%. Moreover, the 2nd lens L2 is a plastic lens of a polycarbonate system, 
and saturation water absorption is 0.4%! 
[0067] 

(Example 3) 

Lens data are shown in Tables 7, 8, and 9. 

[0068] 

[Table 7] 
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(Hfife0J 3 ) 

f =3. 676 mm f B=0. 206 mm F=2. 82 2Y=4. 24 mm 

R(mm) D(mm) Nd v d 

oo 0.20 

1 2.424 1.45 1.49700 56.0 

2 -2. 712 0. 38 

3 -1.000 0.84 1.58300 30.0 

4 -2.768 0.12 

5 1.128 0.82 1.49700 56.0 

6 1. 693 1. 00 

7 oo 0. 70 1. 54880 67. 0 

8 oo 



[0069] 
[Table 8] 
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#sffifftt 

911 ffi K= 7. 64631 X 10" 1 
A4= -7. 26845 X 10" 3 
A6= -5. 69191 X 10- 2 
A8= 7.54296 X 10" 2 
A10= -4.47161 X 10-2 
A12= -5. 03649 X 10" 3 

IPS 2® K= 1. 98965 

A4= 1.79067 X 10-2 
A6= -2. 68448 X 10' 3 
A8= -6. 25013 x 10" 2 
A10= 2.87093 X 10-2 

m 3 ffi K= -4. 49258 

A4= -6. 42404 X 10" 2 
A6= 6.50987 X 10-2 
A8= -6.81812 x 10-2 
A10= -1.46910 X 10-2 
A12= 2.26546 X 10-2 

£4® K= -3. 34513 X 10" 1 
A4= 3.51242 X 10-2 
A6= 1.14274 X 10-2 
A8= -2. 19831 X 10" 3 
A10= -1.88745 X 10" 3 
A12= 8.06597 X 10" 4 

msm K= -3. 31732 

A4= 1.43480 X 10-2 
A6= -5. 15036 X 10" 3 
A8= -4. 56345 X 10" 5 
A10= -3. 96209 X 10" 4 
A12= 4.88822 X 10" 5 

S£6ffi K= -7.81942 X 10" 1 
A4= -5. 53581 X 10"2 
A6= 1.38043 X 10-2 
A8= -5. 21437 X 10' 3 
A10= 4.71073 X 10" 4 
A12= 5. 67539 X 10" 6 
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[0070] 
[Table 9] 







(1) L/ZY 


1.30 


(2) f1/f 


0. 77 


(3) f3/f 


1.25 


(4) R3/((N2-1) -f) 


-0. 47 


(5) i/1-v2 


26.0 



[0071] 

Drawing 9 is the explanatory view showing image pick-up lens arrangement of an 
example 3. As for the inside Ll of drawing, the 2nd lens and L3 show the 3rd lens, and S 
shows [ the 1st lens and L2 ] an aperture diaphragm. Drawing 10 is the aberration Fig. 
(spherical aberration, astigmatism, distortion aberration, meridional comatic 
aberration) of an example 1. 

The 1st lens Ll and the 3rd lens L3 are acrylic plastic lenses, and saturation water 
absorption is 1.3%. Moreover, the 2nd lens L2 is a plastic lens of a polycarbonate system, 
and saturation water absorption is 0.4%. In addition, this example is an example of a 
design which has arranged the parallel plate of a low pass filter of Xtal to the image side 
most. 
[0072] 

(Example 4) 

Image pick-up lens data are shown in Tables 10, 11, and 12. 

[0073] 

[Table 10] 
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f=4. 451 mm f B=2. 078 mm F=2. 82 2Y=5. 42 mm 





R (mm) 


D (mm) 




Nd 


vd 




CO 


0. 20 








1 


3. 796 


1.50 


1. 


53040 


56.0 


2 


-2. 602 


0.51 








3 


-1. 115 


1. 00 


1. 


58300 


30.0 


4 


-3. 299 


0. 25 








5 


1. 592 


1. 20 


1. 


53040 


56.0 


6 


2. 698 











[0074] 
[Table 11] 
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k= -1.7034 

A4= -6. 3582 x 10" 3 
A6= -1.2005 X 10- 2 
A8= 4.6051 X 10" 3 
A10= -5. 7800 X 10- 3 

312® K= 1.4401 

A4= 7.6501 X 10" 3 
A6= 6. 6607 X 10~ 3 
A8= -1. 1452 X 10" 2 
A10= 2. 3315X1 0-3 

m 3 n K= -3. 2788 

A4= -1. 4018 X 10- 2 
A6= 2.3991 X 10-2 
A8= -1.2591 X 10-2 
A10= -1.0571 X 10-3 
A12= 1.2895 X 10-3 

ffS4® K= -1.8023 

A4= 1.8180X10-2 
A6= 5.0794 X 10-3 
A8= -4.4435 X 10" 4 
A10= -3. 5516 X 10" 4 
A12= 9.4022 X I 0" 5 

31 5 m K= -3. 8573 

A4= 7. 5242 X 10" 3 
A6= -4.0947 X 10-3 
A8= 1.9966 X 10- 4 
A10= -1-5656 x 10" 5 
A12= 5.3691 X 10" 7 

fg6® K= -1.2933 

A4= -1.2226 x TO' 2 
A6= 1. 8232 X 1 0" 4 
A8= -6. 7207 X 10" 4 
A10= 1. 21 08X1 0" 4 
A12= -6. 7354 X 10" 6 
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[0075] 
[Table 12] 







(1) L/2Y 


1.24 


(2) f1/f 


0. 71 


(3) f3/f 


1.20 


(4) R3/UN2-1) -f) 


-0. 43 


(5) v1-v2 


26. 0 



[0076] 

Drawing 11 is the sectional view of the image pick up lens of an example 4. As for the 
inside Ll of drawing, the 2nd lens and L3 show the 3rd lens, and S shows [ the 1st lens 
and L2 ] an aperture diaphragm. Drawing 12 is the aberration Fig. (spherical 
aberration, astigmatism, distortion aberration, meridional comatic aberration) of an 
example 1. 

The 1st lens Ll and the 3rd lens L3 are plastic lenses of a polyolefine system, and 
saturation water absorption is 0.Q1% or less. Moreover, the 2nd lens L2 is a plastic lens 
of a polycarbonate system, and saturation water absorption is 0.4%. 
[0077] 

(The 5th example) 

Image pick-up lens data are shown in Tables 13, 14, and 15. 

[0078] 

[Table 13] 
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f =4. 298 mm 


f B=0. 503 mm F=4. 


15 


2Y=5. 0 mm 




R (mm) 


D(mm) 




Nd 


yd 


&y 


oo 


0.00 








1 


6. 859 


1.20 


1. 


58313 


59.4 


2 


-2. 876 


1.00 








3 


-1 211 


0 80 


1. 


60700 


27. 0 


4 


-3. 191 


0. 10 








5 


1. 309 


1. 12 


1. 


52500 


56. 0 


6 


1.947 


0.64 








7 


oo 


0.30 


1. 


51633 


64. 1 


8 


oo 


0.20 








9 


oo 


0. 45 


1. 


51633 


64. 1 


10 


oo 
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ffllffi 



$21 



^31 



H4I 



$5 5 IS 



$6® 



K= 0 375451 
A4= -3. 20099 X 10" 2 
A6= -8. 77267 X 1 0" 2 
A8= 4 38838 X 10" 1 
A10= -7. 72154 X 10" 1 



K= 
A4= 
A6= 
A8= 
A10= 

K= 
A4= 
A6= 
A8= 
A10= 
A12= 

K= 
A4= 
A6= 
A8= 
A10= 
A12= 

K= 
A4= 
A6= 
A8= 
A10= 
A12= 

K= 
A4= 
A6= 
A8= 
A10= 
A12= 



-3. 29483 
-3. 96590 X 
-3. 4951 4 X 
3. 22673 X 
-1. 38774 X 



10" z 
10-2 
10" z 
TO" 2 



-6. 39263 

-5. 45430 X 10" 2 

6.71626 x TO" 2 

-5. 89742 X TO" 2 

3. 16951 X 10-2 

-6. 38272 X 10" 3 

-0. 564923 
2. 91194 X 10-2 
9. 95040 X 10" 3 
-3. 16406 X 10" 3 
6. 04822 X 10" 4 
-1. 51858 X 10" 5 



-4. 25824 
-2. 17915 
■1. 18080 
1. 55145 
5. 72196 
-1. 12386 



x 

X 
X 
X 
X 



10- 3 

10" 3 
10" 4 

10- 5 
10" 5 



-4 21390 
-2. 39973 X 10-2 
5.44891 X 10- 3 
-1.51952 X 10- 3 
2. 57636 X 1 0" 4 
-1.81089 X 10- 5 
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[0080] 
[Table 15] 





mmms 


(1) L/2Y 


1.21 


(2) f1/f 


0. 85 


(3) f3/f 


1.11 


(4) R3/( (N2-1) f) 


-0.46 


(5) i/1-i/2 


32.4 


(6) P23/P 


-0. 20 



[0081] 

Drawing 13 is the explanatory view showing image pick-up lens arrangement of the 5th 
example. As for the inside Ll of drawing, the 2nd lens and L3 show the 3rd lens, and S 
shows [ the 1st lens and L2 ] an aperture diaphragm. Drawing 14 is the aberration Fig. 
(spherical aberration, astigmatism, distortion aberration, meridional comatic 
aberration) of an example 5. 

The 1st lens Ll is a glass lens. Moreover, the 2nd lens L2 is a plastic lens of a polyester 

system, saturation water absorption is 0.7%, the 3rd lens L3 is a plastic lens of a 

polyolefine system, and saturation water absorption is 0.01% or less. 

In addition, this example is an example of a design which has arranged the parallel 

plate of seal glass of an infrared cut filter and a solid state image sensor to the image 

side most. 

[0082] 

(The 6th example) 

Image pick-up lens data are shown in Tables 16, 17, and 18. 

[0083] 

[Table 16] 
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mmm e ) 

f =4. 298 mm f B=0. 504 





R (mm) 


«y 


OO 


i 


Z. 433 


o 
L 


-14. 773 


3 


-1. 224 


4 


-2. 926 


5 


1.473 


6 


2.263 


7 


oo 


8 


oo 


9 


oo 


10 


oo 



mm F=4. 15 2Y=5. 0 mm 

D (mm) N d v d 
0.00 

1.12 1.58313 59. 4 
0. 74 

0.80 1.60700 27.0 
0. 10 

1.18 1.52500 56.0 
0.47 

0.30 1.51633 64.1 
0. 20 

0.45 1.51633 64.1 



[0084] 
[Table 17] 
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ffM B5 K= 5. 47631 

A4= -5. 88427 X 1 0" 2 

A6= -1.01490 X 10" 1 

A8= 3. 2 9430 X 1 0" 1 

A10= -6. 56990 X 10"' 



WiZM 



^3® 



i49 



$51 



i£ 6 M 



K=- 


-49. 9730 


A4= 


-3. 98723 X 10 2 


A6= 


-8. 65969 X 10 2 


A8= 


5. 89891 X 10 2 


A10= 


-5. 34386 X 10" 2 


K= 


-6. 3091 1 


A4= 


-1. 57620 x 10 1 


A6= 


3. 95791 X 10 2 


A8= 


-9. 27235 X 10 2 


A10= 


1. 10077 X 10 2 


A12= 


-7 06172 X 10" 3 


K= 


1. 87037 


A4= 


6. 88364 X 1 0 -3 


A6= 


1. 45143 X 10 -2 


A8= 


-3. 81261 x 10 3 


A10= 


1. 49218 X 10 3 


A12= 


2. 61317 X 10 4 


K= 


-5. 33572 


A4= 


-1.05776 x 10" 2 


A6= 


3. 53470 X 10" 4 


A8= 


2. 38176 X 10" 4 


A10= 


-2.25288 X 10~ 6 


A12= 


-7. 62576 X 10~ 6 


K= 


-4.81074 


A4= 


-3.27214 X 10" 2 


A6= 


6. 34048 X 1 0" 3 


A8= 


-1.53677 x 10" 3 


A10= 


2.48125 x 10" 4 


A12= 


-1.77393 X TO" 5 
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[0085] 
[Table 18] 







(1) L/2Y 


1.12 


(2) f1/f 


0. 85 


(3) f3/f 


1.23 


(4) R3/((N2-1) -f) 


-0. 47 


(5) i/1-i/2 


32.4 


(6) P23/P 


-0. 17 



[0086] 

Drawing 15 is the explanatory view showing image pick-up lens arrangement of the 6th 
example. As for the inside LI of drawing, the 2nd lens and L3 show the 3rd lens, and S 
shows [ the 1st lens and L2 ] an aperture diaphragm. Drawing 16 is the aberration Fig. 
(spherical aberration, astigmatism, distortion aberration, meridional comatic 
aberration) of an example 6. 

The 1st lens LI is a glass lens. Moreover, the 2nd lens L2 is a plastic lens of a polyester 

system, saturation water absorption is 0.7%, the 3rd lens L3 is a plastic lens of a 

polyolefine system, and saturation water absorption is 0.01% or less. 

In addition, this example is an example of a design which has arranged the parallel 

plate of seal glass of an infrared cut filter and a solid state image sensor to the image 

side most. 

[0087] 

(The 7th example) 

Image pick up lens data are shown in Tables 19, 20, and 21. 
[0088] 
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[Table 19] 

( jimhm 7 ) 

f =4. 350 mm f B=0. 51 8 ram F=4. 1 5 2Y=5. 0 mm 





R (mm) 


D (mm) 


Nd 


yd 


*A II 

Sx V 




n nn 






1 

1 


v). LOU 


1 m 


1. JbJUU 


56 0 


2 


-1. 997 


0. 58 






3 


-0. 876 


0.70 


1.60700 


27.0 


4 


-2. 667 


0.52 






5 


1.576 


1.30 


1. 52500 


56.0 


6 


2. 566 


0.40 






7 


OO 


0. 30 


1. 51633 


64. 1 


8 


OO 


0. 20 






9 


OO 


0. 45 


1. 51633 


64. 1 


10 


oo 









[0089] 
[Table 20] 
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3& 1 ® K= -3. 20933 

A4= -3. 82364 X 1 0" 2 
A6= -2. 63801 X 10- 2 
A8= -6. 10239 X 10- 2 
A10= 1.83338 X 10-2 

3fS2® K= 1.90458 

A4= -4. 63123 X 10" 2 
A6= -1. 97770 X 10-2 
A8= 6.47328 X 10-2 
A10= -4. 451 04 X 10-2 

m 3 m K= -2. 39028 

A4= -2. 30131 X 10-i 
A6= 2. 17675 X 1 0" 1 
A8= 1. 70144 XI O" 1 
A10= -3. 53937 X 10" 1 
A12= 1. 51751 X 10" 1 

$41 K= 1.70050 

A4= -6. 05383 X 10" 2 
A6= 1. 25158 X 10" 1 
A8= -1.45910 X 10-2 
A10= -1. 18824 x 10-2 
A1 2= 3. 53296 X 1 0" 3 

IS 5® K= -5. 22303 

A4= -3. 24548 X 10" 2 
A6= 4. 83320 x 10" 3 
A8= 2. 02980 X 10" 4 
A10= -2. 19007 X 1Q- 4 
A12= 1.07363 X 10-5 

$6® K= -1. 26552 

A4= -5. 77008 X 10" 2 
A6= 7.93873 X 10" 3 
A8= -1- 12663 X 10-3 
A10= 1. 17517 X10- 4 
A12= -9.43985 X 10" 6 
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[0090] 
[Table 21] 





mmm7 


(1) L/2Y 


1.16 


(2) f1/f 


0. 58 


(3) f3/f 


1.23 


(4) R3/( (N2-1) f) 


-0. 33 


(5) v1-i>2 


29. 0 



[0091] 

Drawing 17 is the explanatory view showing image pick up lens arrangement of the 7th 
example. As for the inside LI of drawing, the 2nd lens and L3 show the 3rd lens, and S 
shows [ the 1st lens and L2 ] an aperture diaphragm. Drawing 18 is the aberration Fig. 
(spherical aberration, astigmatism, distortion aberration, meridional comatic 
aberration) of an example 7. 

The 1st lens LI and the 3rd lens L3 are plastic lenses of a polyolefine system, and 

saturation water absorption is 0.01% or less, moreover, the 2nd lens L2 is a plastic lens 

of a polyester system, and comes out of saturation water absorption 0.7%. 

In addition, this example is an example of a design which has arranged the parallel 

plate of seal glass of an infrared cut filter and a solid state image sensor to the image 

side most. 

[0092] 

In addition, this example is not necessarily sufficient design about the tele cent 
rucksack property of the image side flux of light. If it is called tele cent rucksack 
property that the chief ray of the flux of light over each image point becomes almost 
parallel to an optical axis after injecting the image pick-up lens last side and it puts in 
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another way, the exit pupil location of optical system will be separating from the image 
surface enough. If a tele cent rucksack property worsens, to a solid state image sensor, 
incidence will be carried out, the phenomenon (shading) in which substantial aperture 
efficiency decreases in a screen periphery will arise, and the flux of light will be 
insufficient [ the amount of ambient light ] from slant. However, with the latest 
technique, the above-mentioned shading phenomenon is mitigable with the color filter 
of a solid state image sensor, reexamination of the array of a micro-lens array, etc. 
Therefore, this example is the example of a design which aimed at the miniaturization 
more about the part by which the demand of a tele cent rucksack property was eased. 
[0093] 

[Effect of the Invention] 

Since invention according to claim 1 becomes possible [ keeping away an exit pupil 
location from the image surface by arranging an aperture diaphragm to a body side ] 
most, for example, when this invention is used as an image pick-up lens for solid state 
image sensors, it becomes possible [ securing an image side tele cent rucksack property 
required for a solid state image sensor good ]. 

Moreover, since this invention arranges the 1st lens of both the forward convex 
configuration where refractive power is comparatively large, and the 2nd negative lens, 
ahead [ body side ], it is attaining the miniaturization of an image pick-up lens overall 
length. 
[0094] 

And reduction of the spherical aberration generated by making the 1st lens into both 
the convex configuration when refractive power uses a big thing as the 1st lens 
concerned is aimed at. 

Furthermore, contiguity arrangement with the 1st lens to which the convex was turned 
is enabled by turning the concave surface of the 2nd negative lens to the 1st lens side, 
and, thereby, it makes it possible to amend many aberration, such as spherical 
aberration, comatic aberration, and chromatic aberration, good and simply. 
Moreover, since the 3rd lens is made into the meniscus configuration where the convex 
was turned to the body side, it makes it possible to secure the tele cent rucksack 
property in the screen periphery by the side of an image good especially. 
[0095] 

Although many aberration, such as spherical aberration, comatic aberration, and 
chromatic aberration, can be reduced effectively and a tele cent rucksack property is 
maintained good by this invention firom the above thing, it becomes possible to* offer the 
image pick-up lens which realized the miniaturization of the direction of an optical axis. 
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[0096] 

Since the 3rd lens considered invention according to claim 2 as the configuration which 
has forward refractive power, it serves as the so-called triplet type of image pick up lens 
configuration, and becomes able [ amendment of ****** aberration, such as distortion 
aberration, and reservation of a tele cent rucksack property ] to carry out more easily. 
[0097] 

Invention according to claim 3 uses the aspheric surface for the 1st forward lens, and 
enables amendment of spherical aberration and comatic aberration by things, and the 
amendment of comatic aberration and astigmatism of it is attained by using the 
aspheric surface for the 2nd negative lens. 

Furthermore, the 3rd forward lens becomes possible [ amending many aberration of a 
screen periphery according to the aspheric surface, without affecting the shaft top 
engine performance ] using the gap of the passage height of the axial Uemitsu line and 
marginal ray which are produced by having arranged in the location which approached 
the image surface most. It becomes possible to perform effectively amendment of the 
distortion aberration of the spool mold generated when the negative refractive power of 
the 2nd lens is set up especially strongly, and amendment of a curvature of field. If it 
puts in another way, it will also become possible to strengthen the negative refractive 
power of the 2nd lens. 

Therefore, better aberration amendment is attained by this invention. 
[0098] 

Invention according to claim 4 specifies an image pick-up lens overall length, by the 
conditional expression (l) for attaining a miniaturization, it is considering as a setup 
which is less than the upper limit, can shorten an image pick up lens overall length, and 
can also make small an image pick-up lens outer diameter in multiplication. Therefore, 
thereby, small lightweightization of the whole image pick-up equipment is attained. 
Furthermore, by considering as a setup exceeding the lower limit according to the 
conditional expression (2) which specifies the refractive power of the 1st forward lens, 
increase of the forward refractive power of the 1st lens is pressed down, and it becomes 
possible to suppress small the spherical aberration generated with the 1st lens, and 
comatic aberration. Moreover, since it does not become extremely small radius of 
curvature, it is desirable also from a viewpoint of the workability of an image pick-up 
lens. By on the other hand considering as a setup which is less than the upper limit of a 
formula (2), too much fall of the forward refractive power of the 1st lens is controlled, 
and it becomes advantageous to the miniaturization of an image pick-up lens overall 
length. 
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[0099] 

Moreover, since it controls that the forward refractive power of the 3rd lens increases 
too much by considering as a setup exceeding the lower limit according to the 
conditional expression (3) which specifies the refractive power of the 3rd forward lens, 
forward refractive-power allocation with the 1st lens becomes suitable, and it becomes 
possible to attain the miniaturization of an image pick up lens overall length. It 
becomes possible to be able to prevent too much fall of the forward refractive power of 
the 3rd lens, and to be able to amend distortion aberration good, and to secure the tele 
cent rucksack property of the image side flux of light by on the other hand considering 
as a setup which is less than the upper limit. 
[0100] 

By following conditional expression (4), the negative refractive power by the side of the 
2nd lens body side does not become excessive, but invention according to claim 5 can 
suppress generating of the coma flare of an axial outdoor daylight bundle, and becomes 
possible [ acquiring good image quality ]. 

Moreover, it becomes possible to amend the spherical aberration which generates the 
negative refractive power by the side of the 2nd lens body side with the 1st forward lens 
while the forward PETTSU bar sum decreases and amendment of a curvature of field 
becomes easy, since it is maintained appropriately, and comatic aberration good. 
[0101] 

Invention according to claim 6 becomes possible [ amending axial overtone aberration 
and the chromatic aberration of magnification with sufficient balance ] by considering 
as a setup exceeding the lower limit of the conditional expression (5) of 
chromatic-aberration amendment with the 1st forward lens and the 2nd negative lens. 
[0102] 

In invention according to claim 7, since the 1st lens, the 2nd lens, and all the 3rd lens 
are constituted from a plastic lens manufactured by injection molding, even if it is a lens 
with small radius of curvature and outer diameter, mass production method becomes 
possible from the glass lens manufactured by polish processing. 

since [ moreover, ] asp her ic- surface izing is easy for a plastic lens aberration 
amendment nearby it becomes possible to carry out easily and exactly, 
furthermore, as another merit using a plastic lens Since the configuration of the flange 
of an image pick-up lens effective diameter outside can be designed freely, 
Reduction ization of fittings mark can be attained and, as for this, the thing for which 
improvement in the assembly precision of optical system is aimed at, such as reducing 
an installation error effectively and taking the structure which can make the optical 
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axis of each lens easily in agreement using the bore section or the outer-diameter 
section of a flange, becomes possible. Furthermore, an assembly becomes easy and 
productivity's improves. 
[0103] 

In invention according to claim 8, it becomes possible to also acquire the advantage of a 
plastic lens, controlling ununiformityization of the refractive index by rapid humidity, 
and maintaining the better image formation engine performance about each lens, when 
saturation water absorption uses 0.7% or less of plastic material. 
[0104] 

Since invention according to claim 9 arranges the protection-from-light mask which 
regulates an ambient light bundle, even if it is the case where a flange is prepared in 
either of each above-mentioned lens at the periphery section, it can make one [ at least ] 
spacing of spacing of the 1st to 2nd lenses, or spacing of the 2nd to 3rd lenses able to 
pass only the flux of light required for image formation, and can suppress the incidence 
of the light to a flange at it to the minimum. Therefore, it becomes possible to suppress 
generating of the ghost by existence of a flange and the flare. For this reason, it becomes 
possible to prepare positively the flange which easyizes the 13rd installation and 
positioning of each lens in a lens periphery according to arrangement of a 
protection-from-light mask. 
[0105] 

By using the 1st lens as a glass ingredient, invention according to claim 10 can 
disregard the refractive-index change at the time of the temperature change of the 1st 
lens, and becomes possible [ suppressing small the image point location fluctuation at 
the time of the temperature change in the image pick-up lens whole system ] . 
Furthermore, since the 2nd and 3rd lens is used as plastic material, it also becomes 
possible to really design freely the configuration of the flange of an image pick up lens 
effective diameter outside with shaping. Temporarily, when fitting of the flange of each 
lens to mutual is enabled, the structure which can make the optical axis of two or more 
lenses easily in agreement can be taken. Furthermore, when a flange considers as the 
structure of specifying each lens spacing, a spacer is made unnecessary and it becomes 
possible to aim at improvement in productivity by mitigation of components mark. 
Moreover, since plastic material is formed for a lens, it becomes possible to form the 
aspheric surface in a lens easily, and it becomes possible to perform aberration 
amendment easily. 

Therefore, it becomes possible to realize formation of small lightweight which is the 
effectiveness which plastic material brings about, and low cost ization, after reducing 
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the effect by plastic material. 

Moreover, it is possible for it not to be necessary to expose the plastic lens which is easy 
to get damaged, and to aim at improvement in maintainability by making the 1st lens 
into a glass lens. 
[0106] 

Invention according to claim 11 becomes possible [ setting up the synthetic focal 
distance of a plastic lens greatly, suppressing total of refractive power small, and 
suppressing small the image point location fluctuation at the time of a temperature 
change ] by setting up so that conditional expression (6) may be filled. 
[0107] 

In invention according to claim 12, it becomes possible to also acquire the advantage of a 
plastic lens, controlling ununiformity-ization of the refractive index by rapid humidity, 
and maintaining the better image formation engine performance about the 2nd and 3rd 
lens, when saturation water absorption uses 0.7% or less of plastic material. 
[0108] 

Since invention according to claim 13 arranges the protection-from light mask which 
regulates an ambient light bundle at one [ at least ] spacing of spacing of the 1st to 2nd 
lenses, or spacing of the 2nd to 3rd lenses, even if it is the case where a flange is 
prepared in either of the 2nd and 3rd lens of the above at the periphery section, it 
becomes possible [ suppressing generating of the ghost by existence of the flange 
concerned and the flare ]. For this reason, it becomes possible to prepare positively the 
flange which easy-izes installation and positioning of the 2nd and 3rd lens in a lens 
periphery according to arrangement of a protection-from -light mask. 
[0109] 

According to invention according to claim 14, it is possible to offer image pick-up 
equipment equipped with advantages, such as high definition[ a miniaturization, 
lightweight- izing, and Hzing, by carrying the image pick up lens which can realize each 
effectiveness mentioned above. 
[0110] 

According to invention according to claim 15, it is possible to offer an image pick up unit 
equipped with advantages, such as high-definition[ a miniaturization, lightweight- izing, 
and ] -izing, by carrying the image pick-up lens which can realize each effectiveness 
mentioned above. 
[0111] 

It is possible to offer the personal digital assistant in which a high definition image 
pick-up is possible, attaining miniaturization and lightweight-ization by carrying the 
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image pick-up unit which can realize each effectiveness mentioned above according to 
invention according to claim 16. 
[Brief Description of the Drawings] 

fDrawing ll It is the perspective view of the operation gestalt slack image pick-up unit 
of invention. 

[Drawing 21 The sectional view in a cross section including the optical axis of each lens 
of the operation gestalt slack image pick up lens unit of this invention is shown. 
fDrawing 3l The front view of the portable telephone with which draw in g 3 (A) applied 
the image pick-up unit, and drawing 3 (B) show the rear view of the portable telephone 
which applied the image pick up unit. 

fDrawing 41 It is the control-block Fig. of the portable telephone of drawing 3 . 
fDrawing 51 It is the explanatory view showing lens arrangement of an example 1. 
fDrawing 6l It is the aberration Fig. (spherical aberration, astigmatism, distortion 
aberration, meridional comatic aberration) of an example 1. 

fDrawing 7l It is the explanatory view showing image pick up lens arrangement of an 
example 2. 

fDrawing 81 It is the aberration Fig. (spherical aberration, astigmatism, distortion 
aberration, meridional comatic aberration) of an example 2. 

fDrawing 91 It is the explanatory view showing image pick-up lens arrangement of an 
example 3. 

fDrawing 101 It is the aberration Fig. (spherical aberration, astigmatism, distortion 
aberration, meridional comatic aberration) of an example 3. 

fDrawing 111 It is the explanatory view showing image pick-up lens arrangement of an 
example 4. 

fDrawing 121 It is the aberration Fig. (spherical aberration, astigmatism, distortion 
aberration, meridional comatic aberration) of an example 4. 

fDrawing 13] It is the explanatory view showing image pick-up lens arrangement of an 
example 5. 

fDrawing 141 It is the aberration Fig. (spherical aberration, astigmatism, distortion 
aberration, meridional comatic aberration) of an example 5. 

fDrawing 151 It is the explanatory view showing image pick-up lens arrangement of an 
example 6. 

fDrawing 16l It is the aberration Fig. (spherical aberration, astigmatism, distortion 
aberration, meridional comatic aberration) of an example 6. 

fDrawing 17] It is the explanatory view showing image pick-up lens arrangement of an 
example 7. 
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[Drawing 18l It is the aberration Fig. (spherical aberration, astigmatism, distortion 
aberration, meridional comatic aberration) of an example 7. 
[Description of Notations] 

10 Image Pick up Optical System 0mage Pick-up Lens) 
50 Image Pick up Unit 

100 Portable Telephone (Personal Digital Assistant) 

LI The 1st lens 

L2 The 2nd lens 

L3 The 3rd lens 

S Aperture diaphragm 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing ll It is the perspective view of the operation gestalt slack image pick-up unit 
of invention. 

[Drawing 21 The sectional view in a cross section including the optical axis of each lens 
of the operation gestalt slack image pick-up lens unit of this invention is shown. 
[Drawing 31 The front view of the portable telephone with which drawing 3 (A) applied 
the image pick up unit, and drawing 3 (B) show the rear view of the portable telephone 
which applied the image pick up unit. 

[Drawing 41 It is the control-block Fig. of the portable telephone of drawing 3 - 
[Drawing 51 It is the explanatory view showing lens arrangement of an example 1. 
[Drawing 61 It is the aberration Fig. (spherical aberration, astigmatism, distortion 
aberration, meridional comatic aberration) of an example 1. 

[Drawing 7l It is the explanatory view showing image pick up lens arrangement of an 
example 2. 

[Drawing 81 It is the aberration Fig. (spherical aberration, astigmatism, distortion 
aberration, meridional comatic aberration) of an example 2. 

[Drawing 91 It is the explanatory view showing image pick-up lens arrangement of an 
example 3. 

[Drawing 101 It is the aberration Fig. (spherical aberration, astigmatism, distortion 
aberration, meridional comatic aberration) of an example 3. 
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[Drawing 111 It is the explanatory view showing image pick-up lens arrangement of an 
example 4. 

[Drawing 121 It is the aberration Fig. (spherical aberration, astigmatism, distortion 
aberration, meridional comatic aberration) of an example 4. 

[Drawing 13l It is the explanatory view showing image pick-up lens arrangement of an 
example 5. 

[Drawing 141 It is the aberration Fig. (spherical aberration, astigmatism, distortion 
aberration, meridional comatic aberration) of an example 5. 

[Drawing 15l It is the explanatory view showing image pick-up lens arrangement of an 
example 6. 

[Drawing 161 It is the aberration Fig. (spherical aberration, astigmatism, distortion 
aberration, meridional comatic aberration) of an example 6. 

[Drawing 17l It is the explanatory view showing image pick up lens arrangement of an 
example 7. 

[Drawing 181 It is the aberration Fig. (spherical aberration, astigmatism, distortion 
aberration, meridional comatic aberration) of an example 7. 
[Description of Notations] 

10 Image Pick-up Optical System (Image Pick-up Lens) 
50 Image Pick up Unit 

100 Portable Telephone (Personal Digital Assistant) 

LI The 1st lens 

L2 The 2nd lens 

L3 The 3rd lens 

S Aperture diaphragm 
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;t li , S«©*©S±tcS#:as^:»j-e>n, S«©W®Km^Si5n 0 D ^#llg§$;ixfcm£-K£> 

10 [mm] SXTtteZZtZmM-tZ. 
[ 0 0 3 4 ] 
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«*3Sl6|E«c»|gBJ«, St * « 1 5 Uffi<DM&=L = y h £ fit *_ 5 , H^II(SI:SoT 
V -5 , 

>h®<fc* 61ftSrH5i*i:, K Hi ft «5 » ft # *I IB 81 * « 5fc «r H 9 "t" -5 . 
[ 0 0 3 5 ] 

0©*»SIB«:*U, B2til|«a=y h 5 0©»ft#963R©3te*ifcftofclSrffliia-efc5. 

jb ta » « a- = y h 5 0 f± , it mm mm 5 1 a sr^ri-safritft*^* u-c<z>cMos§y-f 

^ — v? * V U- 5 1 t , CW-r^ — * ^ * 5 1<£>#®^&S|55 1 a ICtt7{tftt:ftftS« 10 
[ 0 0 3 6 ] 

7G Itt {Clfl « $ *V fc , ^%mt (DKn&tikm 5 1 a*Sjgfifc$iXT*3*). , * © « H fit ft 

-S§-*&3g[U8& 5 1 b *5i^$ntV^„ A»*»5«#«taiElKB:, # W A * W IK » b ft -9- ft 

5, ?^^W£?>L--CS*g5 2|;:^jg£$;ft,-CV^ 0 -f ^-^tyf 5 1 B, « ^ ^ §P 5 

1 a^bOflfttf tf^^^-YUVflltfliOltfit^CJEHL, 7 t W ?r ^ L T S 
^5 2_b»0f^©[HlS&{CHi^-r5), rr-C, Y B » * « # , U ( = R - Y ) tt#t»St 

©feisflr*, v < = b-y) tarn tmmm* t<D&mm*t-e$>5. 

6 *s , Itif tilECMO SS©^^ - s?-fe>-iHJ:|8J££;h,*fc<D-T*fifc<, CCD^ 
[ 0 0 3 7 ] 

5 2»i, *<D-2pB±-C±l5-l'p<-^-fe^1^5 Ut)!tft;5 3^^«f-#-5^»¥^5 

2 a £ , J^¥«5 2 aOWffi 1 i £ *HM © B5 ) — 30 
$ in tz 7 U * >> zf & & 5 2 b i:§r^ixTV^5„ 

J»¥«5 2aB, ft*ffiteKttfcftfc#ft<Dft-8-eftJlA«3'K*rWLT*5»>, ^ © - ¥ 

2 b &&e $ n -c v> 5 . 

7 U df- y 5 2 b (3 , _kfE©*n<^:© — iSfflsas^WpspSS 2 a £ & ft $ it , ^ © flfi, 
ft ft K» It h tt fc ^ «U W /7 * ^ 5 4 VXXftW-m 5 2 a £ ^-SPIeJSS (08 £ ff , ■ 

-y b zmm isiz-kfamw&m-t 5 mmm») tzm*%v, b-c * - v± 

5 1 & &.%}■* S 1t#> ©ftffi^ * o y * m^-Omife&giV it *) , * , fi??/PYUVf§ 
Sr^a5lElSS--ffl^L-fc?)-r-5Ci:Sr"5Itgi:-t-5„ £ K , 7 i/^r^7";wSS 5 2 b of f 

ft <0 * IH ft J&s^ftttX ft*.* ^©ffia»), ^^¥=K52atC^L-C^Sfl5 40 

ffl7^a8^©ffl£ J $>6Eet::if*i&£-5-;t-cv^ 0 

[ 0 0 3 8 ] 

5 2 a CfcttS'f ^-v'tyt 5 l^lSttkftfc^S-hKS^i-f^— v? -fe >•-*>- 5 1 & © 

rtflSfc»ttLfc*fc»-Ctt#l£j:9B?£ig«$*i,-CV*5. ^ T , ftftft^JRlOttftfleS 
3©rtSPl;fta§j?jnT^5 ( *>^5S#5 3 11, &ttY1R 5 2 a _k\Zjo\,^X4 p« - v> 
t^t 5 l«:BtfJ:5fcft»fc«fc9BJ£ft«£ixfc1Bft5 5 £ , ^5$-r5Jtft}fc^3%l 0 
0*1 I^VXL 1, JB2UVXL2'. *3WyXL 3Sr»WJ»til«2 1 itiiT 
^5. 

^ tT, 2 1 ttffi # 5 5 © flSKSA £ *t"C , m&ffiSMOiliB^** 71* Ltt 1 50 
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•5 „ £ fc , ftffi 2 l ft , -Y^ — 5 1 M(Di&Ufcfc < Ma £ tit> h &lzmi&nteffl 

ntf&tf Km &<n ft ft ft X3S*) , *©BBP^Kttfe*vfcJBtt*:*>frffiiK 

[ 0 0 3 9 ] 

12 2 «fc 5 K , 1 0 »#«i>e)©*#HI©A»irll!iCl R < * * ifc) 

* y 1<7^^2 3t, £ © I R * y h7-f/w^2'3J:9t>$P>K:4ljflc«lcEfli$ixfc^ 
SP&7fe-^*^2 6i, S, SglWVXLl, »2WyXL2, JR 3 U > X 

L3<OjlStCi2«$tLfc:»^W>'Xi: s ^i^2 1F fe UC#l^VXLl, L2, L 3 Sri£t5 

2t*tLTV^5, 10 
C©j»^*^*10«, R9 SX»#V^XL 1, L2. L3^^^^irb-C, CCD^ 

©Iftitf f i:MLT»?*t»ie^*ft7fcfe(ofcro-e&5, *s , H l -c «: ± fli & 

[ 0 0 4 0 ] 

Jh IE I h7^;^2 3 (£^£Sc$ft, 2 1 <X> to #9tMm ±t£ is 1,^ X 

£ fc , fl- £B * ^ 2 6 14 , [R*yh7^?23©Se.C %>> fcM $S \ v > X Mft 2 1 

fc '> 4 < -T 5 * iZ 19! *t X V^ 5 . 
[ 0 0 4 1 ] 

2 1 ©rtSClCli, S^ii2 1 ©^^iir^W^XL 1 , L2, L3C03ttti>6S — §6c 

LfcDtlUSRIl'i'XLl, L2, L3/4SHXS$ix-CV>5o i»i>5ft|l[2 1 Ort»K, 

# < 4 5± o K: K $ *u T v» s . 

[ 0 0 4 2 ] 

#u>-XLl. L2, L3teVN-f*it>, *©^^d^e>0f^«5BB*-CdS»^w^Xi: 
L-cotitgSrW-i-5#^S©teiaicK:^$tt, -t ix <£ <9 i> ft M <d & ft teffiiMi u > X t ut 30 

*f6U/j^:75:'^*Pfc:K5&£;tX-0''S (#U>XL1, L2, L 3 y;/ 

XLl©:79i'^3l5©*ffl#f±»&*^1iB»cK££*L-CV^5. tot, a» 5 « Jft J: *> 
112 1 ©rtSBT?! 1 W X L 1 
[ 0 0 4 3 ] 

£ (blZ ^ ^ll'VXLlCD^^Vv'^-e&o-C, |2 2 i©M|6]ffiii;P]i©| 

asa*jgj*3;h,t"v*.5. ^tuc *j-jcSb-t3l2 u >- x l 2C77 vv'SiJ-efco-cfS 1 U^XL 
1 fcOfcffflffiiKttjBi u >- X L 10|HiaJ{cf4»ii*-5Ite«:ini«IJ^^^$ixTV^S 0 L 
"C, ^ODflWliCi«JS:tt«)ii^y£*tJi-C*l W>"XL 1 t 35 2 U >- X L 2 <fc f4 *B 2 <£> # $4 

[0 0 4 4 ] 

£ f> K , i3vyXL3«77y^So^gtt, S2u>-XL2©77y^a»^@J;(3 

t^:#<S:S$iXT*5!3 > M3WVXL3(7)77Vv 5 $15-CfcoT, SS2U^XL2i<D*t 
IrI ® ± \£ R ^ CO OfllfB #S J^gSc £ ix T V> 6 „ ^^5»3i^yXL3©[!a3©rtg«:, 3? 2 U > 
XL2«77V^^fticD^-iaaJ^^4^6Ji^^T^6lcSS;^$i^-CV^5 0 * tt, C co OA gMc H 2 
U^XL 2 & tebbte Astz&mX'm 3 U V X L 3 £ 35 2 U >• X L 2 t»4ffiSc03t$4SrfflSJ; 

[ 0 0 4 5 ] 

r©±9l:«-uyXL 1, L 2 , L3ttJLi£©*i6fc:J:*>, fc:{K<&-CfBS 

K « 1" 5 „ £ fc , IS2 I'll, HU^Ufcj£®{BI<7?S/J^COrtJiajCO^.X^lU>'XLl 50. 
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££f*L, ^©iCrt^aoV^fnt^l'VXLl, L2, L 3 {CgSfl* L ft V^#|]£ £ ft o 
t > 5 , 
[ 0 0 4 6 ] 

f^fyf < « f£W= t L-T &ytU (3fe«^&&5) «01ifffif--fX©/h$VNt©dSHjj8$ 

*iTV*5 0 C <D X b 'ilit'f X<£>/h $ V^H + fa O.Wtfe \s > Xtt , i 

IiiBli45. t£oT, #W>-XL1, L2. L3IJ^fftfc/7^f y^lrftttt 

— >\> Y v > X t •+ 5 r t^St Ll\ 
[ 0 0 4 7 ] 

tit, #u^Xli. L2, L30*iB, ffiS<o*Kfe^-v>»^twjt£:CT-i6:$^:5fi| 

St*oTV^ t fltoT, tl/^XL 1, L2, L3B, iH 2 1 f ®|« U^XO^ft 
SP*t<Dfltgl;:§8;b'9ft<, »Wa«CJ:9'ri6ft»*0«l , C#l'>'XL 1. -L 2 , L3 
©3fc«iS:*aK-aS*5r i«s-et5«»S:i:5. *WXL1, L2, L3 

, «- U ^ X L 1 , L2, L3©3t«^rtllIIIIHt>0fJEO»flfS:Jil*-r5Clt*S'5It6-cas>5. 
rtt^cofeto, M5^^©ffi^S:TftS<D(Rl±Srig5wi:^-5Itii:^5o £ K , fi*it 20 

ft*5, #UVXL1 ( L2, L 3©Ba«tt*B, ^ -5 ^ JfB FlJ \* X <D W ty\ 

[ 0 0 4 8 ] 

wvxjf §i2 2ii, myt&wnfrb ft s y > yiftnux-tb 9 , -to***^*© 

ii ii *s "T t6 «t 5 M P * 5 K ^ T V v s „ * , U>'XJf$x.2 2«:- : e©^@*s^1S[2 
i«-Y^-^-fe^-^«ijCa5crt@J;t)t^i 1 /6M^X#<®:^$tb, * U V X L 1 , L 2 , 
L 3 £ Si If 2 lF*3fC|&^Lfc^li-C^M2 lrttCflEA$ti5„ U^Xfl $x.2 2tt 

, #l/yXLl, L2, L3teHtlffl«r££fcV*J:5fc5£»-C#fc< ft-5 3; Si M 2 1 <£> 
fr«48«ISfc:fa;&»oTJEA£*t5. ^tt, Si 1f 2 1 t 1/ >- X Jlfl ;i 2 2 fc©Wlc£C5J&27 30 
l;I^<iI^lCJ: ^l-VXL 1, L 2, L 3 t &lZ.m7£Wm&Mft £ tt 5 o 
[ 0 0 4 9 ] 

ft *5 , l/VXjf Si2 2li, #VXXL 1, L2, L3W$t^[^]^lb§r^SlJ"Itgft^^-e 

K 3§ j& Sr » ' rt , & 2f K 3§ jfi K: & "T 5 Gfl S3 £ R rt 5 t # K , ^iBXttDfl»is*H¥ffl!l*»e>(i 

«fc •>»£-3*-Ct>Av*. 
[ 0 0 5 0 ] 

tfc, ^U^XLl, L2, L3ni:ft, |l»i*v^^2 4t > |2©I)t-7^n 40 
5 t^Ef $JxtV>5= SlOl)£vX!? 2 4IJ ( J&2H'XL2<D|£!iS|S<D*l#Gl$tei8ffi 
KK»*fc;h,fc3fctt&*'fr£^3R^©a#.K:E1t£JT,5. 5 SB 1 tf> i£ )fe ^ ^ 2 4« 

y V & fi L- T *3 9 , * <V f * 5t <£> 1*5 # f± , |2 WyXL 20iflCfil/yXf Si 

«$*L5£i:K:J:9. -?-0=f>i>i|i:#vyXL 1 , L2, L3©)tttt^ — §fc L # ii "C 
, f 1 l/^XL 1 tf2 1/VXL 2 t©ffll:«^$tl5. ft *5 , JifES^-Oi^^li, |R 1 
<£> ii 3fc * 2 4 <Dm$ £ K> h ~T < Wt l£ £ ft X & *) , ^1 U V X L 1 il2 U- V 

XL 2 io*«-tt«ie*3tt6«Sllie«K«firSffSiS:^iai:4oT^5. 
[ 0 0 5 1 ] 

* fc , ^2<Oii3fe-^X^2 5«. I3l/yXL3C[!3S|!©rt6BI-^lt?)nfc3fei^1 , 'L> 50 
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9 , -r « h 3 i* >t © S Fi , ^ 2 u ^X L 2 ©«(WcDJi|fe U > X^Hfom «fc t> 5gT'h £ < 
t©t»-£f»fc#H^XLl. L2, L3tf>ftf|iii: a* - ffcLfc 

3 U>-XL 3i©Ml!:ft«f*H5, & *3 , w © » ^ t> * fc , ±ISg^fflf $11, M 2 (Dm 
ft -v ^ ^ 2 5 CD ^ £ <fc t) tfr-f2M£$i<s3:?E$HT:i3 9, £12 l^V'XL 2 t 3 >" X L 

[ 0 0 5 2 ] 

±aLfc«9 Si:=§-i«ft-e*^ 2 4. 2 5t©tSS©^ffllcJ;t), 9 S^tAlt tfc* 

*S # 1^ > X L 1 , L2, L 3 Ojft W>"XtaS©^«llwA»t5 r i 5rK± L> =f - * 10 

[ 0 0 5 3 ] 

fftKil 0 OOMi^P y ^0-0*5. 

|*a=yF50B, Miff, » ffe ft ^ 3fc K *3 It 5 £ # 5 3 <D ® fa till ® # & # H mm 1 
iz SB R $ H 5 c 

tit, » UK a. = y h 5 0 (D^^mW.^^- 5 $flg|l 0 0 CD f&J ^ g(5 1 0 1 £ ST 

»ft##^feaEflr*«9f©M*«#sr«i»aiJ i o i «tctb^7i-s. 20 

- ^ , SflSilOOtt, HI 4 K 1" «fc 5 K , # £ mi£ ffi *P -t Z t # It . £- 
{CJ^CfcXD^^ASr^ff-rs^JffillfP (CPU) 1 O 1 #^^Sr^r-lt i >)SSfA^ 

^fflf--^tolW<o#a[f«iiflrS:*ai-S*:«>©Sii»iiffirif|J8 o i: , si^ttisai o o 

V*3E*«$ (ROM) 9 It, »J«iail O liaotllff$^5#iMl/n/7A^f 

- 9 , 3gu< rite a - ^ , ifcv^j*fc3.= y'i« 5 01a — — 

■t- 5 f^JHH* ir U T JS P> tv Z> R Xfi— B#|5lt U (RAM) 9 2 tSrfitl^,, 

tLT, i«a=y F5 0i>&A*$tlfcI«ftttt, -hl5^^«BS^ 1 O 0 CD fH ftp % {C 

8 o^^LtK^iffat l -c*a$ \zmm $ n s 0 

[ 0 0 5 4 ] 

KB* £ ft 5 t CD "CMS & l>„ Cl^-C, =g-^3fe^lC^ffl-t-^IE-§-«TIE<Diii3-efc^ 0 
f : ft/SSSBI 

fB : y # 7 — * 7* 
F : F "J- — 

2Y itiiisfti* ( mtem&mT<D&B%:ft. a it 5 M^ms) 

RiJffiUrECDffe^^*! 40 
D : m$rm<Dfflffi 

Nd : i^vyx«!f^©d^-e©ijf* 

v d : m&is ^ *tfm<DT *y<m 

[ 0 0 5 5 ] 

Xffi**fc*5V^, IS,6t»^&C, R#t*§Sc£K, #Sfc B{fc*Sc £ A 4 , A6, A8, Al 

o, ai 2iit«T® r» i j -e^-r. 

[ 0 0 5 6 ] 

1 9k i 1 
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Ch 2 

X= - +A*h?+A*h*+A*k*+A wh w +Aj2h J2 

2+Vi-(i+ K)C 2 h 2 

[ 0 0 5 7 ] 

[ 0 0 5 8 ] 10 
I* 1 ] 

(HWJ 1 ) 

f =3. 560 mm f B=1 . 61 7 mm F=2. 82 2Y=4. 24 mm 





R (mm) 


D (mm) 




Nd 


i/d 


&y 


oo 


0. 20 








1 


3- 052 


1.24 


1. 


53040 


56. 0 


2 


-2. 078 


0. 41 








3 


-0. 892 


0. 82 


1. 


58300 


30. 0 


4 


-2. 639 


0. 20 








5 


1. 280 


1.00 


1. 


53040 


56. 0 


6 


2. 150 











[ 0 0 5 9 ] 
[* 2 ] 



20 



f 21 



^41 



^ 5 35 



$61 



(13) JP 2004-4566 A 2004. 1.8 



K= 


-1.6816 


A4= 


-1. 0491 x 10 2 


A6= 


-3- 5682 X 10 2 


A8= 


2. 3898 x 10 2 


A10= 


-3. 9391 X 10 2 


K= 


1.1166 


A4= 


1. 6224 x 10 2 


A6= 


1. 9824 X 10 2 


A8= 


-5. 5354 X 10 2 


A10= 


1. 7107 x 10 2 


K= 


-3 2715 


A4= 


-2. 7322 x 10" 2 


A6= 


7. 3636 X 10" 2 


A8= 


-5. 9771 x 10 2 


A10= 


-7. 7937 X 1 0" 3 


A12= 


1. 5014 x 10" 2 


K= 


-1 1677 


A4= 


3. 5006 x 10" 2 


A6= 


1. 5424 X 10 2 


A8= 


-2. 1565 X 10 -3 


A10= 


-2. 6532 X 10 3 


A12= 


1. 1001 x 10~ 3 


K= 


-3 8470 


A4= 


1.4719 X 10" 2 


A6= 


-1. 2455 x 10" 2 


A8= 


9. 7271 X 10 -4 


A10= 


-1. 1216 x 10" 4 


A12= 


4. 4541 x 1 0" 6 


K= 


-1. 2236 


A4= 


-2. 3884 x 10~ 2 


A6= 


5. 3684 x 10- 4 


A8= 


-3. 2130 x 10~ 3 


A10= 


9. 0104 X 10" 4 


A12= 


-7. 7247 x 10- 5 



10 



20 



30 



40 



(14) 



JP 2004-4566 A 2004. 1 . 8 







(1) L/2Y 


1. 30 


{2) fl/f 


0. 71 


(3) f3/f 


1. 20 


(4) R3/UN2-1) -f) 


-0. 43 


(5) v\-vl 


26.0 



I 0 0 6 1 ] 

H5t4»lSE*«0»*l'>'XBI**tlllWB|-C*5. HfL 1 B*l U^X, L2« 
S2 U^X, L 3 «I3 SIJg|P«5^*f„ B6 ttUtt^ 1 Otlia (ifcffiHR 

3t , ^^HKH, ^ ft ^ , ^ D r tt^n viKf) "C 5 . 

iii/yXLifcit)<$3i'yXL3ii < ^y^u-^^v^o^^^.^^^w^x-c, t& 

fP®7K^ttO. 0 1 % JJA T "C 5 <, * , 12 W^XL 2ltJKy*-#^-Y 
^ y ^ W >- X "C , & fn ® tK 4Mi 0 . 4 % £> -5 „ 
[ 0 0 6 2 ] 

(.nmm 2 > 

[ 0 0 6 3 ] 
I* 4 ] 

f =3. 560 mm f B=1. 608 mm F=2. 82 2Y=4. 24 mm 



&y 
1 
2 
3 

4 
5 
6 



R (mm) 
00 

2. 935 
-1. 927 

0- 886 
-2. 596 

1. 217 

2. 107 



0 (mm) 

0. 20 

1. 24 
0. 42 

0. 82 
020 

1. 00 



Nd 

1. 49700 
1. 58300 
1. 49700 



i/d 
56. 0 
30.0 
56.0 



[ 0 0 6 4 ] 
I* 5 ] 



$21 



314® 



IE 5 M 



3f56® 



[ 0 0 6 5 ] 
1*6] 
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K= 


-1. 7943 


A4= 


-1. 4869 x 10 2 


A6= 


-1. 0811 x 10 * 


A8= 


-2. 8303 x 10 1 


A10= 


1. 0732 x 10 2 


K= 


1. 2219 


A4= 


4. 6746 X 1 0 2 


A6= 


1. 7599 X 10 2 


A8= 


-5. 4338 X 10 2 


A10= 


2. 5193 X 10 2 


K= 


-3. 4812 


A4= 


-2.3751 X 10- 2 


A6= 


7. 9632 x 10 2 


A8= 


-5. 7217 X 10 2 


A1 0= 


-8. 2616 x 10 3 


A12= 


1. 4117 x 10 2 


K= 


-1. 3161 


A4= 


3. 5093 x 10" 2 


A6= 


1. 5006 x 10 2 


A8= 


-2. 4508 x 1 0 3 


A10= 


-2. 4750 x 1 0 3 


A12= 


4 Art— »/\ %. 4 /\ Q 

1. 0270 X 10 3 


K= 


-3 6750 


A4= 


1. 5979 x 10" 2 


A6= 


-1. 1979 x 10 2 


A8= 


1. 0441 X 10 3 


A10= 


-1. 2424 X 10 4 


A12= 


-8. 4000 x 1 0 -6 


K= 


-1. 0422 


A4= 


-2. 3963 x 10-2 


A6= 


3. 5702 X 10" 4 


A8= 


-3. 2540 X 10" 3 


A10= 


8. 9657 X 1 0" 4 


A12= 


-7. 7167 X 10" 5 



10 



20 



30 



40 



(16) 
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mmmz 


(1) L/2Y 


1. 30 


(2) f1/f 


0. 71 


(3) f3/f 


1. 17 


(4) R3/UN2-1) -f) 


-0. 42 


(5) v1-v2 


26.0 



[ 0 0 6 6 ] 

IH7«mffe^!l2C0ig^l/>'Xie«Sr*-t-IftP^|2l-efe5 o HfL ltt*l l/VX, L 2 ti'jB 
L3(l*3WyX, SliiP«!3 S:*t„ E98»^%^10i|2aEia ( 3$ H «2 ^ 

Ill/yXLlfc'it;! 3l/yXL3B, T^D/l'IOT'y/f y^^X?, *n ® tK 

^ 1 . 3 % fc 5 , * 1t , l2 1/yXL2B*!)*-**^-<H©^7^fy^yX 20 

-e , f p © Tie ap o . 4 % -e fe 5 . 

[ 0 0 6 7 ] 

( si m m 3 ) 

i/^Xf - *$:£t7, 8, 9icm-f-<, 
[ 0 0 6 8 ] 
I* 7 ] 

(H^3) 

f =3. 676 mm f B=0. 206 mm F=2. 82 2Y=4. 24 mm 

30 





R(mm) 


D(mm) 




Nd 


i/d 


&y 


CO 


0. 20 








1 


2. 424 


1.45 


1. 


49700 


56. 0 


2 


-2. 712 


0. 38 








3 


-1. 000 


0. 84 


1. 


58300 


30. 0 


4 


-2. 768 


0. 12 








5 


1. 128 


0. 82 


1. 


49700 


56. 0 


. 6 


1. 693 


1. 00 








7 


CO 


0. 70 


1. 


54880 


67. 0 


8 


CO 











[ 0 0 6 9 ] 
[* 8 ] 



^31 



W> 5 B5 



H6@ 







(17) 












K= 


7. 


64631 


X 


io- 1 


A4= 


-7. 


26845 


X 


10- 3 


AC- 
AD - 


D. 


KQ1 Q1 


X 


IO" 2 


Ao- 


7 
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Xft&Xkteb-r. I4^*^ro^v7ur©|g4&«ii5i &#ftiIJjr£»5 
C k » -I fig i ft 5 c 

3= , ^2W^X^#:®ffi!lCOAco®^f7^^ii^](C«^$tt5CO-C, IE <0 y y ^ — A' fP #» 40 
[0101] 

f**3S6f5«co^BJtt, iE©gi i^>Xi^©^2 ^>-X-e©&ifc^«lEcD:£#it (5) 

5^i:;^pTfig£ft£ 0 
[0102] 

w^^yiE^cD^B^-cfi, n 1 ^ ^ x , ^2^>-x x ms^vx^T^Mtasic^^j; 1 ?® 

jg^ttSX^^^^^ U>-Xt?«^LTVN5/tfe, ft^^g^^Soo/h^ftw^X-^foo 
tt, W^^PXlc«t?}®!jg$tt5^7^w>'XJ:i5t^:ft^M^pltgi:ft5o 50 
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flH©75^^fflJO^*tSra*l-KW--e#**:i«>, & 9 ft" ft SB «S> 3£ © {£ 3£ <fc t AS 

T? # , :tiia 0, ®f3^-^^^SrSb*WJc{S®U, 7 ? >■ U <0 ft & tz \Z ft % 
fiJfflb-C, #uyX«3t*jiSr|fIlc-t§-S5r i: AS # 5 flt it £ £ 53?, ?fc ^ 3* © *a ^ 
ft-Cfit£©|B]±£E 3 r t ftsim h ft 5. $ h % ®. it X A* m £ h ft *) . £ jg t£ t> ft -k 
t5„ 
[0103] 

ft 5ft 31 8 IE 3$ © 3§ ^ "C ti: , # W VXKoV^T, f&fnKTK^^o. 7%«T©7 , 7^f 10 
tt^Srfl V 1 5 i t iz J: *) , t^/illf ftlc J; 5 ffl fff 35 © ^ i£ - -ft: £ Ufl fM i <5 ft U ft 

m mmm z m & v ft & % , :/ 9 * 9 * * x © * ij * t> # 5 ~ t a* °i m t ft 5 „ 

[0104] 

X © V> -f *t AMC 44- g)5 Jc 7 =7 >- £ W> tt fc * ^ -C & o T <£> , 3£ «c m ft 7fc 3€ © ^ £ il 
ig$^r, lo75^i;»'N0360A»**^iai:Ji|ii5iia5'l?#5. «oT, 7 7 > >> 
SB ©#£ tc J; 5 =r — h ^ 7 u r ©38 £ £ j*P ;t 5 c i AS nrfB t ft 5 „ r © fc * , i& # -v ^ 
^©iBS^JeC-C, If 1 ~ 3 © # V V X © © 9 ^te « & £r t577> 

mmm is > * t\- m \zwt v z z. t & *j m t K z . 20 

[0105] 

^ as r# co © »f ^ m i\L & mm -e # , m&^vx:£^^©i&£gHfci$©&,£<£M»jS:/h£ < 
#j ;t 5 ^ a* -31 1& ft * . 

S^fc, 02, »3wyxt^?^f y^^ftitSii^?., -M«t«t5aili'>' 
X*S»tl^«0 7 9 S S C»W--f-5 r i t> -5T1SB i ft 5. iE IE , #WVX© 

77V v?gB£r*12 L fc » W: , * Sfctic © V X © ft tt & S * Jc - ifc $ * 5 

Ci^-C^5*IS:i 5ii^T^5 0 £ IE N 7 7>i?##l^yX|iilSISrSJlt5iI 
i L fc # tc fi , ^^-t-^^HH, ^p° a £i£©i&^lEj;i9£jgt4;©ft.k&|g|5E.i 
A* "51 «i t ft 5 . 30 
* fc , uxX^7"7^f y 7tt^5r^^t5 r t d^b wyX|;^3$jg^$Slc»fiKt5 ^ 
*s "51 IB t ft 9 , i|JlJS*l:iE«:M»E*?5£i:as-Hrt6i:ft3. 

/hSeift i {£ = * h -l fetf-ar* ft 5„ 

|!1 l/VX5r^7^i-vXit5r t-?, «o#^-f-V^9;*^s'*i->X£^tti 
$-tir5^SA5ft<t^^ttcO(6]JiSrEl5ri:A5'5j|g-e$,5 <> 

[0106] 

» * « 1 1 IB it © $6 93 tt , * f* 5£ (6) ti'fctiJCKigtSiitJ:!), -f^^^-y 
« Sb £ /h $ < #fl xl 5 r i: ^ -si m t ft S c • 40 

[0107] 

ft5ft^l2fE«icD%B^-e«, m 2 . fiS3^VX|rol>-C, iafpP^7K*AS0. 7%KT©y 
itJS^ft^^ttfg^^^LftASP,, 7 e 5^^yi>l-vXcofiJ^^t#5C < !:AS^I^<!:ft 

So 

[0108] 

ft5ft^l3I5^co^§BJ«, 01-02 1-vXcopfllJS. gEvttJBa-KSSuvXoBBM©, 

^>ft<it-^cop^(is^, mmytj&$:m.m-r z>m%-* * ? srEttt^sc-c, ±1502 
, 13 uyx©v^fti*>i;^^aii;7 7yi'«itaiHi^-eJt)oTt), ^-7 7y^St 

c0#ftlc < t5=i'-^h J ^7WT60^^Sr«]x5Ci:AS^Itgi:/ < c5 o - © , m^t^ * ? 50 
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OEieCtT, IS 2 . 15 3 u v X © flSi *> ft ft fli ft ft Sr * * ft; i- 5 7 9 ^ W «r « S 
tfl K u v X fl* ft K K ft 5 r £ # oj ^ ft s 0 
[0109] 

It * « 1 4lB*©36g3fcJ:;h,tf, ±fcLfc#&Jft&M^IBfc*«ui'X«r»«-t-3£i: 
fc-fcO, /hlft, g*ft. JS W«ft; * ft *J £ &<1 * 5 Srlft«i- 5 £ t # 

[0110] 

lc«fc 9 , /hlft, gift, *M«ft: h<fc«tt-t-a£fca*-Brtt 

[0111] 

It # 91 1 6 IB 3£ ft |g 91 K J; tvff , ±iEU*:«-«b*S:ll5i^t6*»«a=y h^flttS; 

t\zx<o, *aft, «*ft;«ris •? oo, w if-jf * * « as fii * m w « * «: « « -f 5 r * as 
[ 0 ffi co iff * ft n n ] 

nail xnojkitsttfiiitasy h®*4«B-T**>5. 

[02] **WiOjl»»ifc5**uyXa=y KO«-^^X©3t*fcSr^tfWfS^*5rt5 

[03] 03 (A) l±»fc=-=s' h friffft L-tc^m : *IS«COiE®0, 03 (B) tt ft |g> 3. 

[H4] H3©*ftSlO»Hl^B?^Ht*5, 
[05] Hl^ 1 ©wyXEiSrSfifti0x?fc5. 

[06] JHifi#llftiRSg0 (SiffiiiKJS. #£.HXM, ^ftHXM, * V 7* 4 it-T A> => ^H2H) 

-e fc 5 „ 

[07] **W2©J8*H^Xfif Sr^tRWBf**. 

[08] 2 oiksih ( at si Hz at , ^^urm, saiks, ^ y f * *-r>v =. -^irjs) 

[09] *«6W3oaHfeu^XS«Sr^i-|liWH-C»*>5. 

[0io] s^jfe 3 © nxn 0 (stsnxM, #£JK3t,.iSftifc3e, ^y^-f^-^^^^nx^ 

[01 1] *tfl4 0»*i'yXSf Sr*tRi8T?4)6. 

[0i 2] mfe m 4 © ir g m (mm urn, ^M^m, m$n&m, * y y << *-r a> =» ir n 

[0 l 3 ] sUMJ 5 coft|g> n^XBtft*t»MHi?* S. 

[0i4] mmms ow.mm ( # a jr n , * ^ ir ss , sftnx^> * y ? 4 *-r ^ => ^ ux n 

) tfe5„ 

1 5] ii{»]6©i«i/yxsf?:/ftiMa-efe5„ 

16] uss^ij 6 © jrii 0 ( mum , ^ftuxss, /y^w^-t-^^-viRig 

) 

[017]|li£^!|7OO»^^VXKtt4r^i-lftBJ0-CfeS <) 

[018] Hi£ #i 7 © iR g 0 ( ® iR g, # £ «R M , ^ftiRH, ^ y 9* -f a i&M 

) 

[ m ■§- © ftt m ] 

10 »«*1&3R(»«lU^X) 

50 ft ft 3. =. 5/ h 

10 0 ^^«|g«l (g§S?S£*) 

LI |[ 1 

L 2 $2 VVX 

L 3 3 U' V X 

s m □ jr 9 
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